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1.0 ABSTRACT

A 12.75-inch diameter vertical cylinder was subjected to large
laboratory waves with Keulegan-Carpenter number up to 17 at the

local force transducer (20 at the still water surface) and Reynolds

numbers up to 2.7x10° (3.2x105 at the still water surface). Local
force, local pressures, total force, and the elements for determin-
ing the overturning moments were measured. The purpose was to
produce a high quality data set in the wave regime where both the
velocity and the acceleration-dependent components of the wave
forces are important. It was found that the forces were more accel-
eration-dependent than originally anticipated.

The local forces were predicted quite well withr the two-term
Morison equation using the kinematics from the measurements, the
linear, and the stream function wave theories. [he best predictions

used the measured kinematics.

-1-
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2.0 INTRODUCTION

2.1 Background

On 27 September 1982 a contract was established between the
Naval Civil Engineering Laboratory (NCEL), Port Hueneme, California,
and Oregon State University (OSU), to conduct an experiment pertain-
ing to wave forces on a 12./5-inch diameter vertical cylinder. The
design work for the equipment began in October 1982, and the equip-
ment was delivered on site in February 1983. Ihe laboratory tests

were performed in the period from 12-26 April 1983 and data analyses

were completed during the Fall 1983. lhese final data analyses were

made possible by a modification to the original NCEL contract with

;: finding from the Minerals Management Service (MMS) through NCEL.
#I The Morison equation relating wave forces on vertical cylinders

is given in the following equation. Ihe force per unit of cylinder

length, f, is expressed by

2
F=Cq Rult) Jult)] +Cy 15 b(t) (2.1-1)

where Cd and C; are the empirically determined drag and inertia
coefficients, respectively (Cp =1 + C,s where Ca is the added mass
coefficient), D is the cylinder diameter, p is the mass density of
the surrounding water, u(t) is the horizontal water particle veloci-
ty, and U(t) is the local fluid acceleration 3u/st.

Many data have been generated from experiments by many investi-
gators to determine the drag and inertia coefficients as functions
of the Keulegan-Carpenter number, K (= UmT/D, where Um is the maxi-

. mum water particle speed and T is the wave period), and the Reynolds




number, R (= Umd/u, where v is the kinematic viscosity of *he
water). However, many reportings have been questioned for one
reason or another and only a few have very reliable values for these
force transfer coefficients. One reliable source is from planar
oscillatory flow laboratory experiments. However, they are limited
because the flow is not trulyvthat of waves. Other data sources
have their own limitations. For example, field experiments rely
heavily on current measurements that are made at some distance from
the force transducer and wave theory is ultimately used to extend
the measurement to the force transducer location. 1o our knowledge,
no set of well-documented, thoroughly in§trumented measurements have
been made in a truly controlied wave condition and reported on in
c the open literature.

Even the data from planar osciliatory flow have some scatter
and indicate that Eq. 1 may be improved to reproduce well the forces
acting on a cylinder within certain ranges of K. Therefore,
Sarpkaya (1981) suggested the use of a so-called four-term Morison
equation, wherein two terms are added to Eq. 1 to take into account
energies in the force spectrum that occur at the 3rd and 5th harmon-
ics of the fundamental wave frequency. The coefficients for the

added two terms can be determined, essentially, from the drag and

1 inertia coefficients as determined from the two-term equation. *+
X The form of the four-term MOJS equation used for this work is
-4-
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2
2 DU
F e Cq 2 u(e) o)) + G e BE) + gy Ay Bcem(Coa)]

/2 DU
cos{wt-A [A¢3+B¢3exp(c¢3a)1} + E;T72-[A65+Bc5exp(cc5a)] .

. cos (5wt - AV/2 (A, 5 B,5 &xp(C,g) ] (2.1-2)

where a = (K - 12.5)%, w = 20/T, K = U 1/D, & = (CX - C,)/KC4 (CX is

the potential flow value--for a cylinder, C; = 2.9), and

A3 = 0.01 B.3 = 0.10 C.3 = -0.08
Ay3 = -0.05 B,3 = -0.35 C,3 = -0.04
Acs = 0.0025 Bos = 0.053 C.5 = -0.06
A5 = 0.25 Byg = 0.60 Cys = -0.02

Only two terms were a.ded to the Morison equation because the
spectrum analyses of the residues from the U-tube experiments
N (Sarpkaya, 1981) showed appreciable energy from only these two

higher ordered terms.

2.2 Purposes of Tlest Program

The major purpose of this program was to provide a high quality

set of data of force measurements and pressure measurements for a

vertical smooth cylinder of appreciable size (12.75-inch diameter)

in real waves with a reasonable range of Keulegan-Carpenter and

4 Reynolds numbers so that different methods of analyses can be exam-
ined (for this and future efforts). Also required were comparisons

of the force transfer coefficients from different methods of analy-

sis and comparisons of forces, using the differently derived coeffi-

cients.
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2.3 Scope

The work entailed constructing a 12,75-inch diameter test

cylinder equipment, conducting the laboratory model tests, recording

PRt M

and analyzing the data, and production of the reports. The test
cylinder equipment was of all new construction. Local forces, total
é forces, and the elements for determining the overturning moments
were measured. In addition, eight pressure transducers measured
peripheral time-dependent pressures around the center of the local
force transducer. Wave water particle velocities were measured
opposite the center of the local force transducer, in line with the
wave axis (crests). Ihe water surface profiie was measured in line
with the wave axis and the center of the cylinder.

A minimum of 26 runs were required to satisfy the requirements
of the statement of work (SOW). However, a total of 47 runs were
made since testing time did permit them. Data from 26 runs were
. analyzed as required in the SOW. len waves in a sequence were
recorded from which eight were later extracted for the analysis.

The eight wave periods, beginning at any time in the sequence,

- allowed for seven complete peak-to-peak waves to be defined.

The force transfer coefficients, C4 and C,, were derived with
least square methods, using linear and stream function wave theories
and the measured kinematics. In addition, C4y and C, were determined
from the Wave Project II de“-, where Cqy s constant and Cq varies

X with time through the wave cycle (Hudspeth, et. al. 1974), and from
Sarpkaya's U-tube results (Sarpkaya, 1981). The predicted forces
were then compared against the measured forces, wherein the pre-

dicted forces included calculations using Eqs. 2.1-1 and 2.

................
............................
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.................................................
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In summary, the analysis included 12 combinations of time-
dependent force determinations. Using the kinematics from each of
the linear wave theory, the stream function wave theory, and the
measured kinematics, the time-dependent forces were determined for
both the 2-term and the 4-term Morison equations, using Cq and Cp
determined from the least squares method, Wave Project Il data, and

the U-tube data.




3.0 EXPERIMENT SETUP AND PROCEDURES

3.1 MWave Research Laboratory

The experimental work was done in the O0.H. Hinsdale Wave
Research Laboratory at Oregon State University (WRL). The overall
length of the wave flume is 340 ft., of which 129 ft. constitute the
length in which tests can be performed well beyond the evanescent
modes of the wave board and in front of the toe of the beach. The
location of the test cylinder in the WRL is shown in Fig. 3-1.
Good, repeatable waves can be produced ranging from a high frequency
of 1.0 Hz to a low of about 0.12 Hz. For these tests, the wave fre-
quency range was from 0.5 Hz to 0.12 Hz. Up to 16 channels of
information were recorded digitally in real time on a PDP 11 com-
puter. Other channels of information were recorded on an analogue

tape recorder and then digitized at a later time,

3.2 Experimental and Data Acquisition Equipment

g 3.2.1 Test Cylinder

¢ The design of the test cylinder required that it be stiff for
E the applied loads so that the natural frequency of the lowest mode
would be relatively high with respect to the forcing frequencies.

From impulse response tests, where the cylinder was hit with a

rubber hammer and the time response was measured by strip chart
recorder, the local force transducer demonstrated a natural frequen-
cy of 8.2 Hz when submerged. The highest wave frequency in this
test was 0.5 Hz. On some runs, a distinct transverse force was

experienced, due to vortex shedding, that had frequencies higher
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than the wave frequency by up to approximately three times. In

2 L
.

addition, other turbulences may cause transverse forces. The ampli-
tude spectra for transverse forces in Vol. Il were examined for

maximum significant frequencies. An approximate value of 1.5 Hz was

S aan IR A I
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determined as a conservatively high estimate, even though the ampli-

- v
K

. 0
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tudes therefrom were fairly small. Some other very small energies

e 2% o

AR

exist at 5.0 Hz and at 8.0 Hz for the center force, east direction
(probably due to the vibration of the local force transducer from
near-impact loads in steep waves). Thus, the largest ratio of .
importance of excitation frequency to transducer frequency was about
1.5/8 = 0.19. The largest ratio of fundamental wave frequency to
transducer frequency was .5/8 = .062. lherefore, vibrations of the
local force transducer had a negligible effect on the measurements
as can be seen in any reference on dynamics for the response curve
of a one-degree-of-freedom vibrator. The signals were also filtered
with a two-pole Butterworth filter with a cutoff frequency of 8
Hz. However, the signals were recorded filtered and unfiltered in
case future reference is to be made to the unfiltered signals.
Another design criterion was to size the test cylinder so that

the component parts could be handled relatively easily at the wave

flume. It was decided to provide a stiff inner core 'structure with

a removable shell surrounding it. .
Figure 3-2 gives the general concept of the test cylinder.

Figures 3-3 and 4 are photos of it during installation, where Fig.

3-4 has only one-half of the lower skin in place. Figure 3-5 shows

the strain gauges on the bottom support; Fig. 3-6 shows the bolt-

-10-
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down arrangement at the bottom; and Fig. 3-7 shows how the bottom

N skin covered the supporting core.
The upper support consisted of a 1.5-inch round stainless steel
rod, 30 inches long, inserted into roller bearings and supported at
o its upper end with a U-joint identical to the one at the bottom
. support, as shown in Fig. 3-2. Thus, the structure was completely
statically determinate and no longitudinal forces could be applied

to the structure from temperature variations or other longitudinal

g
DA

stresses from construction because of the upper roller support.

~

It was necessary to design the local force transducer for much
a smaller forces than would be measured at the top and bottom trans-
g ducers and to make it individually statically determinate and free

from the small deflections of the central structure. Details of the
N local force transducer (LFT) are shown in Figs. 3-8 and 9. Photos
S of the strain bar supports and the interior of the LFT are given in
Figs 3-10 and 11,

The test cylinder was supported at the upper end by an 8x12
steel tube that spanned the 12 ft. clear distance between the wave
flume walls, to which it was securely bolted. The wave profiler was
mounted in this beam with the center of the profiler in line with
-, the center of the test cylinder, perpendicular to the wall. It was
’ mounted 3 ft. from the east wall, mid-way between the wall and the

cylinder center line. A Marsh-McBirney current meter was mounted

with the sensing elements directly under the wave profiler at a

JORRARNNIIL

level of 3.7 ft. below the still water surface--the same level as

the center of the local force transducer. A second Marsh-McBirney

22 s ae s |

. e
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current meter was mounted directly in line with the first one, but
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on the opposite (west) wall. The sensors of the second meter were

ﬁj"

about 1.2 ft. from the face of the west wall.

']
%372

The test cylinder was carefully assembled so that the center .

%

line was vertical. The local force transducer was separated only
1/16-inch from the rest of the cylinder, but the surface was slight-
ly out of alignment with the smooth cylinder skins. Figures 3-12
and 13 show the best and worst alignments. Several measurements
were made of the misalignments and they are summarized in Table 3-
1. The table shows the LFI was slightly larger in diameter than the
adjoining test cylinder by 0./ mm, which had a negligible influence
on the resulting measurements.

After the Druck pressure transducers were installed and the LFT
was mounted, the surface around the pressure transducers was filled
with a paint-like substance and sanded smooth with the surrounding

cylinder surface.

3.2.2 Force Beam Gauging

Forces were measured with strain gauge force dynamometers.
Metal foil strain gauges were used of 120 ohms each. The gauging
stations are referred to as the top gauge, the local force trans-
ducer, and the bottom gauge. I|he top and bottom gauges were wired
as shown in Fig. 3-14,

The local force transducer was wired as shown in Fig. 3-15.
Each of the four 5/16-inch square support beams had four gauges,
intending to have two complete circuits for each of the in-line and

transverse directions. However, small torsional loads from the

-12-
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calibration string gave inconsistent results so the two in-line and
two transverse circuits were added together. This action nullified
any influence on the readings from torsional loads. All strain
gauge bridging was conditioned with Vishay signal conditioners.

The Vishay strain gauge conditioner contains two sections. The
first is a precision adjustable voltage regulator. The output of
the regulator is used as the excitation for the strain gauges. For
this work it was adjusted for 10.00 volts. The exact value is not
critical if the instrument to which the gauges are attached is cali-
brated at that voltage, whatever it is. The second section includes
several stages of amplification to the very small voltage changes
coming from the strain gauge bridge. lhe first stage is a differen-
tial-type amplifier which will detect and amplify only voltage
potentials which exist between the two return leads from the
bridge. Any potential between ground and one lead or in common with
both will not be amplified. This last stage then provides isolation
from many noise problems. The other stage of the amplifier section
provides further adjustable gain which can be set to obtain a usable
voltage output within a desired range from the conditioner box.

Auxiliary circuits in the conditioner provide bridge balancing
circuitry to nullify any static offset so that a maximum gain may be
used for very small bridge outputs. Circuitry for different types
of bridges and amplifier adjustments for best output are included.
Outputs from the conditioners were input to the Rockland 8.0 Hz Tow

pass double pole filters.

-13-
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;
:
; Selected outputs were then passed into summing-type inverting
! operational amplifiers with a gain of very nearly -1.0. The exact
§ value, again, does not matter if the instrument is calibrated using
~
~

the output of the last piece of electronic equipment. The summing

amplifier has a very large bandpass from DC to several thousand

)

—¥
A

hertz and therefore will cause no measurable phase shift at our
frequencies.

Some of the characteristics of the general operation amplifier
are that it has a very high input impedance and low input current
(useful to prevent loading of the preceding instrument). Because of
this very high input impedance, the current drawn by the ‘op amp' is
negligible and therefore point 'A‘' (see Figure 3-16) is very nearly
at ground potential, or zero voits. Because of this, the current
drawn through the input resistor Ry and Ry, I;, is equal to the
current through Rf, the feedback resistor. Upon solving for these
relations (without including every step here), we find that Vo/Vin =
-R¢/Ry. Our Rg/R; is set to be 1.0.

In the more specific case of the summing op amp, the current I
is the sum of the currents 1., and 1. and so we arrive at the rela-

tion (again without showing all the intermediate steps):
-VO/Rf = V]/R1 + VZ/RZ (3.2.2-1)

In our case Rl/Rf = 1.0 and RZ/Rf = 1.0 and so we have as a final

output the sum of the inputs:

-V0 = V1 + V2 (3.2.2-2)

-14-
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This being the last instrument we have our final output voltage
corrected for torsion and other unwanted bending moments and with
very reduced noise ready to be digitized by the computer.

In summary, Fig. 3-17 shows the test cylinder with only one of
the four cylinder skins attached to the core beam. Figure 3-18
shows three of the four skins bolted on. Figure 3-19 shows the
completed assembly just prior to testing. The west wall Marsh-
McBirney current meter is shown on the left side and east wall

installation is shown on the right side of the photograph.

3.2.3 Data Acquisition

The signals were routed as shown in Fig. 3-20. A maximum of 16
- channels of information can be digitized simultaneously with the
PDP-11 computer. The remaining channels were recorded on analogue
tape for digitizing at a later time. The analogue tape introduced
additional high frequency noise so the signals therefrom were again
filtered prior to digitizing.
The analogque filter is a two-pole Butterworth filter manufac-

tured by Rockwell. The digital recording was done with a PDP-11

\1oCr e

minicomputer. The analogue tape recorder was a Bell and Howell
model CPR-4010. The digital information was stored on an ll-track

mag tape and a copy of all data recorded were provided to NCEL.
¢ In order to help synchronize all channels in real time, a 5-
volt step function signal was generated by the computer and recorded
: on one channel. This 5-volt "switch" was activated at the start of
digital recording. This signal was also recorded on the analogue

tape. The data analysis used this "switching" technique to help

AL b e S N

phase all information.




3.3 Test Procedures

3.3.1 Calibrations

The completed cylinder was calibrated in four force directions
corresponding to the four points of the compass. In addition, one
horizontal diagonal calibration was made to illustrate independence
between the N-S and E-W force measurements. Two ranges of forces
were used for the top and bottom force transducers in order to check
their linearity. One range had a maximum load of 201.44 pounds and
the other was 16.56 pounds, as shown in Table 3-2. Force calibra-
tions were made at one or more of the five elevations as shown in
Fig. 3-21. One measurement was made with the forces applied siml-
taneously at locations 2, 3, and 4. [These were compared with force
calibrations at position 3 alone. The purpose of this was to
determine if distributed loads, which create bending in the overall
structure, would influence the force measurements at position 3
alone. When the forces were applied simultaneously to positions 2,
3, and 4, it is designated as the XXX test. In that case, the light
calibration was applied at position 3 while the heavy calibration
loads were applied to positions 2 and 4 with approximately the steps
indicated in Table 3-2. (This loading at positions 2 and 4 could be
approximate since it was only intended to provide a significant
general bending of the core beam to see if it influenced the cali-
brations of the LFT.) When the force was applied to position 3
only, it is designated as the 0X0 calibration. It was found that
force measurements from the local force transducer were independent

of the general loading on the cylinder. Of course, during tests the

-16-
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sensors for the local force transducer and the bottom force trans-
ducer were submerged. They were therefore calibrated in the
submerged condition.

The XXX calibration arrangement is shown in Fig. 3-22. Figure
3-23 shows a calibration in progress at position 5 (submerged).

When calibrating at position 3 in the north or south directions, it
was necessary to provide a horizontal truss at the correct level to
take the horizontal and vertical thrust from the calibration
~loads. It is shown in Fig. 3-23.
Linear regression analysis was used to obtain the calibration
coefficients. The measured calibration data values, f;, were ap-
proximated by a 1linear relation to the measured voltage, x;»

according to

fi =mx, + b; i=1,2,..., N (3.3.1-1)

where the slope, m, and the intercept, b, were determined by a best

least squares analysis. fhe correlation coefficient, R was computed

by
(£ f.x, - ¢ f.zx./N]2
2 i 11 i 171
R = 2 2 2 2 (3.3.1-2)
[z f; - (£f)°/NILE g - (2x;)°/N)

i i
and is a measure of the goodness-of-fit of the two regression coef-
ficients since 0.0 < R ¢ 1.0, If R were identically equal to 1.0,
the data would be perfectly linear.

The resuits of the force calibrations are shown in Tables 3-3

through 3-10,

-17-

AN W AL . .
N N T e L e A T e




’ The low range of calibrations are consistently steeper than the
high range of calibrations, but they only differ by less than 3.3%
for the instruments used in the analysis. The calibrations were
g quite linear and consistent. In summary, the force calibrations
were consistent, linear, and very repeatable between the beginning
of the tests and the end of the tests for all of the data channels

used in the NCEL data analyses. Table 3-4 shows that TEl Ch #3 was

not consistent and should not be used in future data analyses of the

L MM a

transverse force and moments.

The cylinder was also calibrated at location 5 with the
cylinder in torsion. That is, the forces were applied to the edge
of the cylinder as shown in Fig. 3-24. This was done in both the
clockwise and counterclockwise directions. It was found that tor-

. sional loads had very little effect on the output from the force

- transducers. Therefore, if any torsional lcads were applied to the
cylinder (and they could only have been so from uneven boundary

E layer development between the east and west sides of the cylinder)
they would not influence the force measurements.

One calibration result for a pressure meter is shown in Fig. 3-
25. A1l of the amplified individual calibrations are available upon
request. They were all very linear except for P6 (the 240°
azimuth). Figure 3-26 is typical of the linear calibrations and
Fig. 3-27 shows P6. The calibration was made when the wave flume

X was being filled or emptied. Some pressure meters had a consider-
ably larger calibration constant than others, but the calibration

values remained constant and the pressure measurements were consis-
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tent and reasonable for the measurements in waves. The pressure
calibrations are summarized in Tables 3-11 and 12.

The east current meter had been previously calibrated by Dibble
in (1980) at 20.77 fps/V, and after this testing by Kim in June 1983
at 20.47 fps/V (a 1.5% difference). A value of 20.6 fps/V was used
in the NCEL data analysis. This meter was more consistent than the

West meter and was the one used in the data analysis.

3.3.2 Test Plan
The test cylinder was designed and constructed in the Fall and
early Spring of 1982-83. Prior to assembly in the WRL, the force
i dynamometers were bench tested to ascertain their workability. The
; equipment was then completely assembled. Calibrations of force
transducers were made. The primary current meter (East side) had
been previously calibrated. The pressure transducers were cali-
brated as the wave flume was filled and emptied. The cylinder was
then subjected to 31 periodic waves to satisfy all requirements of
the SOW, plus a few extra waves. Then four random wave sequences
- were generated according to the SOW. Some time remained in that
f work day so 10 more periodic wave runs were made at three wave
periods--to fall in between the. wave periods previously tested.
(However, only 26 periodic wave runs were processed, according to
¢ the SOW).
S The flume was then pumped down and calibrations were made for
the force transducers for comparison with the calibrations prior to
testing. The log of runs, Table 3-13, is self-explanatory, com-

pleting the description of the test plan.

-19-
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Some photos of the cylinder subjected to the waves are given in

Figs. 3-28, 29 and 30.
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4.0 DATA ANALYSIS

k: Periodic wave data were collected on 22 April 1983 and the
random wave data on 25 April 1983. A total of 21 channels of elec-
_ tronic data signals were recorded during the NCEL tests. Table 4-1
] identifies these 21 data signal channels and their method of record-
E ing during both calibration and wave measurements. Only 16 channels
b of analogue-to-digital (A/D) were available on the PDP-11/El10 used
.:; at the WRL. These 16 channels are identified in the column titled

“A/D Run Ch, #" in Table 4-1. The remaining five channels of data

recorded during wave tests were recorded on a Bell and Howell CPR-
4010 analogue tape deck and are identified in the column titled
"Analogue Tape Ch.#" in Table 4-1,

The local force transducers 9 and 10 were combined to A/D Cali-
bration Channel #9 as a single signal for both digital (A/0 Run
channels #5 and #7) and in analogue (analogue channel #1) format
(see Fig. 3-20). A five-volt step signal was used to reference the
analogue time series to the discrete digital time sequence. This
five-volt step signal was sent by the PDP-11/E10 to the Bell and
Howell CPR-4010 analogue tape recorder at the instant digital
recording began. The 1local wave force transducer signal was
recorded simultaneously on two A/D channels in order to determine if
there was any significant phase shift introduced by the 8 Hz Rock-
land filters. The A/D Run channel #5 was filtered by the Rockland
filter while A/D Run channel #7 was not (see Table 4-1).

The data recorded on analogue tape were passed through the

Rockland two-poie Butterworth filters before recording. These




-------

analogue data signals were again passed through the Rockland filters
before being digitized in order to filter out undesirable high fre-
quency noise introduced by the analogue tape recorder. The water

surface profiler was not filtered by the Rockland filter because of
*i signal distortions which are introduced into the record due to

"drop-outs" in the data. These distortions are characteristic of

all sonic sensors. The question of phase-locking the data properly

to the water surface then becomes important. All the data records

were filtered to produce the proper signal amplitudes and phase

angles with respect to the water surface. The theory behind these

filters is presented below.

N Six channels of data were also recorded for immediate observa-
tions by a stripchart recorder. A sample record is shown in Fig.

4-1.

% 4.1 Record Format and Filtering

Figure 4-2 demonstrates schematically the data recording pro-

cedure for the horizontal current meter measurement.

.
l‘-".".

A recorded measurement, m(t), can be expressed as a linear sum

of cosines and sines by

: N '

- m(t) = a.t nzl (amnc052nfnt + bmns1n2nfnt) (4.1-1a)
N -

: = ] H(F)exp(i2nf t) (4.1-1b)




where m(t) is the raw (unfiltered) recorded value of the horizontal
current measurement, u(t), and apy = <, the average value of m(t)
during the recording interval. The Fourier transform of m(t) is
given by

H(f) = [ m(t)exp(-i2nft)dt (4.1-2)

-0

where the complex-valued Fourier coefficient, Hp(f), is defined as

Ha(f) = RO (F) + 3L (f) (4.1-3a)

or  H (f) = |H (f)|exp{ie (f)} (4.1-3b)

where the amplitude (modulus) is defined as

A 2,172 -
|Hm(f)| = (R + I (4.1-4a)
and the phase by
e Lk
Gm = {W . (4.1-4b)
Substituting Eq. 4.1-3b into Eq. 4.1-1b demonstrates that
a = Rm(f), b, = Im(f). (4.1-5)

For example, high frequency noise can be filtered from a

measured signal, if desired, by setting adn = bmn =0 for f > fC

where f. is the "cutoff frequency." This type of digital filtering

will be termed the "FFT filter.” High frequency FFT filtering was

done to many of the NCEL data records. For example, the high fre-

-23-
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quency noise above 1.5 Hz was filtered from the horizontal current

and force measurements (see Fig. 4-10). That particular cutoff

frequency is specified on graphic plots when it was used. [t was
selected arbitrarily to be low enough to sufficiently smooth the
signals, but high enough so that most influences from vortex
shedding would not be filtered.

When an operation is made on a signal from a filter, the

Fourier transforms of the signal and filter are multiplied in the

frequency domain in order to determine the Fourier transform of the

g
[

g
.

output from the filter. If the signal is passed through two

filters, as shown in Fig. 4-2, there are two multiplications. Thus,

——

the Fourier transform of the recording can be found from

u

Ho(f) = |H,(F)]exp{ie (f)}|H,(f)]exp{ie, (f)}|H () |exp{iep(f)}

|H (F)JexpLio ()} (4.1-6)

where Hb is the transform of u, with phase 8y (both quantities are
now sought); Hy is the transform of the meter, which introduces the
phase shift, CIYH and Hp is the transform of the Rockland filter,
which introduces the phase shift, ep. o simplify the following
discussion, it is assumed that |Hp(f)| = 1.0 and eg(f) = 0. Llater
the actual values can be considered and multiplied by the product of

the other two. Substituting Lqs. 4.1-3a and 4.1-3b into Eq. 4.1-6

gives

i

H(f) = R (f) +1i I () (4.1-7a)

= H(F)IR(F) + i Ly(f)] (4.1-7b)
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from which

&nlh * ImIM . Im"M - IMRm
f = ———2————2-— + ———2———-——2——- 4.1’8
D Ry + Iy 1 Ry + Iy ( )

The FFT filtered horizontal current u(t) is determined from the

inverse transform according to

u(t) = f” H (flexp(i2nft)df (4.1-9)

-0

Marsh-McBirney Filter

The single-pole filter characteristics of the Marsh-McBirney

current meter are

Wif) = T2t 1'12nf (4.1-10a)

1+ (zm)zj'1 e [1 -1 2fr) (4.1-100)

where t is the time constant of the current meter and f is the
cyclic frequency of the signal in Hz.
The complex-valued FFT filtered signal, ﬂ“(f), may be computed

from
|q“|exp(iem) = |Hu|exp(ieu)|HM|exp(ieM) (4.1-11)

which may be used to compute the amplitude of the current from

|4 | -T—T'H'“I 4.1-12
! A, (4.1-12a)
and the phase from
8, =8 - Op (4.1-12b)
-25-
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The value of the time constant t is selectable on the Marsh-
McBirney current meters. One experimentally determined value for
the east meter was t = 0.159 sec. (see Fig. 3 and Table 4-1 in

Dibble, 1980). From Eq. 4.1-10b the modulus of the Marsh-McBirney

filter is
|Hy| = [1+(2ncf)?77H/2 (4.1-13a)
and Oy = TN L o2eety . (4.1-13b)
é Table 4-2 summarizes the amplitude attenuation and phase shift in-

troduced by the Marsh-McBirney single pole filter in the NCEL data.

The current meters used have time constants, t, with three or
four selections. For the NCEL tests, they were set on 0.2. Small
differences in phase can make appreciable differences in Cd or Cm,
depending on whether the wave is drag or inertia dominant. The time
constants used for the NCEL data reduction were t = 0.159 sec. for
the east meter and t = 0.20 for the west meter.

Since the amplitudes in the frequency domain are proportional
to the amplitudes in the time domain, Eq. 4-13a also expresses the
division correction factor for the amplitudes of each frequency
component of the water velocity signal. Likewise, the phase angle
properly defines the phase of each signal. A problem was encoun-
tered with the horizontal signal from the west current meter. The *
source of this problem has not been determined. However, the east
current meter (the same one calibrated by Dibble, 1980) gave excel-
lent results and is the one that was used for the NCEL data

analyses.
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Rockland Filter

The Rockland filter is a two-pole Butterworth filter. The

filter function is given by

: Ho(f) = . (4.1-14)
D R (1f)7+28 f ifsfe  (1£)742,f if+f0

where fo is the cutoff frequency, f is the signal frequency in Hz,

MOEM __Aeatatac

By = 0.924, and g, = 0.700 for the flat decay response. Introducing

a dimensionless frequency ratio, ¢ = f/fo, reduces Eq. 4-14 to

1 1

T

o) = g - (4.1-15a)
(o) = {14582 ezﬁ:;) - 3.248;(1-52) . (8.1-15b)
(1-4.5872 ¢“+ ') + 10,55 €“(1-2¢"+¢ ')
The amplitude division factor, [Hg|, is |
|Ho| = L(1+1.415 2ty (1-.08 it 2 (4.1-16a)
and the phase angle, 6p, is
g = TAND [ _3.248 e(l-eZLJI (8.1-16b)

(1-4.5872 ;?¥e45
Table 4-3 summarizes the amplitude attenuation and the phase shift

introduced by the Rockland filters in the NCEL data.

Digital Formatting

Exactly ten periods of data were recorded for each of the 21
channels of data measured during the periodic wave tests. These

data were reduced to exactly eight waves and were digitized at a
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sampling interval determined by the deterministic wave period, T,

and the FFT base 211 < 2048 according to
at = 87/2048 = T/256 (4.1-17)

Each single periodic wave in the eight-wave sequence thus contained
256 data values. This data digitization scheme was required in
order to insure that the data could be FFT filtered as previously
described using an FFI algorithm of base 2. The FFT algorithm was
taken from Bloomfield (1976). Only seven of the eight waves were
actually used in the final data analyses.

The sonic profiler used to record the instantaneous water ele-
vation occasionally suffers from data “drop-outs” or “over-
ranges.” These data are identified as "bad-points" and are removed
numerically by 1linearly interpolating between the good data
values. On rare occasions, these intervals of bad-points are ex-
cessively long and result in forming a fictitious wave (see Wave #4
in Run #5 in Fig. 4-5), These data have been ignored in the data
analyses because there were only two "bad point" waves in the total
of 182 waves recorded. These 256 data points per wave were reduced
to 33 data values (32 time increments) for each individual periodic
wave in the final data analyses for the force coefficients. The
total number of discrete data values digitized for the eight waves

in the 41 periodic runs that are identified in Table 3-13 was
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(41) runs « (21) channels . (8) waves (256) pts

NPTS runs channel wave

1,763,328 pts

These data were FFT filtered to produce the records that were used
in the force coefficient analysis. The total number of discrete

data values used in the final force coefficient analyses was

h NPTS = (26) runs (21) C“iﬂge‘s (7) Fa¥es- (33) me

126,126 pts.

For the four random wave tests listed in Table 3-13, a total of
8192 data values were recorded during each test. The total number

of data values recorded during these random tests was

(8) runs (21) channels (g)q7)

NPTS ann

—pts
channels

688,128 pts.

4.2 Data Processing

The 16 channels of digitally recorded data and the 5 channels
of analogue recorded data were all copied in digital format as inte-
ger values (0-4095) on magnetic tape by the PDP 11/E10 at the WRL.
This data tape was then read by the CDC CYBER 73 main frame computer
at Oregon State University for subsequent data processing by a suite
of three FORTRAN-coded algorithms. Figure 4-3 illustrates schemat-

ically the flow chart for the data processing.
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4.2.1 PROGRAM WAVES

The integer data obtained from the PDP 11/E10 digitizing
process at the WRL was converted into physical units using the ap-
propriate calibration constants listed in Chapter 3. Figure 4-4
illustrates the calibration constants entered into the program for
run #5. Figure 4-5 illustrates a sample wave profile for run #5 in
integer (uncalibrated) values; and Fig. 4-6 illustrates the same
wave profile record following conversion from integer values to
physical units. Note the "bad point" values in the individual waves
#3 and #4. Figure 4-6 is also inverted compared to Fig. 4-5 because
larger integers (i.e., higher voltages) indicate wave trough values,
so a negative calibration constant is required (see Fig. 4-4, Column
#1:  "WAVE PROFILE" = -.5333).

Following calibration, the "bad points" were removed numerical-
ly by linear interpolation. On some rare occasions, the time
interval of "bad point" values was so long that these data were
interpreted by the numerical algorithm as an "“inverted wave" and
were not removed by the subroutine. This rare event is illustrated
in Figs. 4-5 and 4-6 where the "bad points" in waves #3 and #4 have
not been removed; but have, instead, been converted to waves. This
rare event only occurred in the NCEL data during Runs #5 and #24.
Figure 4-7 illustrates the "bad point wave" in Run #24,

Figures 4-8 to 4-10 show the more typical results obtained from
the "bad points" removed algorithm for Run #12, A1l of the wave

profiles recorded during the NCEL tests may be seen in Vol. II.
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Next, all data channels were Fourier analyzed by a FFT algo-
rithm with base 2. The FFT algorithm was written by Bloomfield
(1976). One-sided amplitude spectra were computed and visually
inspected for high frequency phenomena. The force amplitude spectra
were displayed graphically out to 10 Hz. Figure 4-11 illustrates a
transverse force amplitude spectra from the local force transducer
for Run #30. In order to obtain better visual resolution of the
spectral amplitudes at low trequency, all! spectra were plotted out
to only 4 Hz. Figure 4-12 iliustrates a sample horizontal current
amplitude spectrum for Run #5 at this expanded scale out to only 4
Hz. A digital, low-pass FFI filter was then applied to the ampli-
tude spectra in the frequency domain to remove high frequency
noise. Inversion of the FFI algorithm synthesized the filtered time
series for later analyses. Figure 4-13 illustrates a filtered time
series of the horizontal current for Run #5 with a cutoff frequency,
fc = 1,5 H. Figures 4-14 and 4-15 illustrate the effect of the
tow-pass FFT filter on the bottom transverse force for Run #5.

Horizontal water particle accelerations required for the
Morison equation were computed from the measured horizontal current
by differentiation. Ihis differentiation was computed in the fre-
quency domain. Figure 4-16 illustrates a typical horizontal
acceleration amplitude spectrum computed from the measured data for
Run #5. Although the horizontal current amplitude spectrum had been
FFT filtered at 1.5 Hz, Fig. 4-16 illustrates the problem of ampli-
fication of high frequency spectral amplitudes that is common in

numerical differentiation atgorithms. In order to avoid this high
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frequency amplification, only the fundamental and the first harmonic
were used to synthesize the horizontal acceleration time series.
Figure 4-17 illustrates the horizontal acceleration amplitude
spectrum used to synthesize a horizontal acceleration time series
from the measured horizontal current. Note that only the amplitudes
at the fundamental and the first harmonic have been retained and
that ALL of the other amplitudes have been set equal to zero.
Figure 4-18 illustrates the horizontal acceleration time series

synthesized from the amplitude spectrum shown in Fig. 4-17,

4,2.2 PROGRAM FDATAS5/FD5A

The FFT filtered data from PROGRAM WAVES were read into PROGRAM
FDATA5 or FDS5A for the selection of seven individual periodic waves
from the continuous eight wave sequence.

PROGRAM FDSA automatically selects the first seven waves in the

sequence beginning with the first crest as shown in Fig. 4-19, The
period of each individual wave in the seven-wave sequence is deter-
mined by first establishing a time at a wave crest, e.g. crest
number; secondly by adding one wave period to (as set into the func-
tion generator that drives the wave board) that time. This accounts
for the small variability in wave periods found in the data analyses
tables in Section 5. However, the small error involved averages to
zero. The wave heights are computed by averaging the leading and
trailing crest elevations and then subtracting the trough value in-
between the crests.

PROGRAM FDATAS allows for the manual selection of the individ-

val waves shown in Fig. 4-20. Cross-hair cursors on the TEKTRONIX
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4010 screen are positioned at the individual wave crests and troughs

to define the seven individual waves. The wave heights and periods
are then computed the same as in FD5A. Figure 4-21 illustrates the
manual determination of the individual waves by PROGRAM FDATAS for
Run #5. Only Runs #5 & #24 were processed by PROGRAM FDATAS in
order to manually override the automatic selection of the fictitious
"bad point waves" that would have occurred had PROGRAM FDS5A been
used.

Finally, both programs reduce the number of data values in an

individual wave from approximately 256 values (= 2048/8) to 33

O :
A

points per wave (32 time increments). This reduces the CPU time

. "
AP PL

required to compute the force coefficients, Cy and C , by Fourier

analysis without loss of accuracy.

N 4.2.3 PROGRAM LABT4

PROGRAM LABT4 computes force coefficients, Cy and C,, from the

two-term MOJS equation by least-squares analysis. Each of the seven

’
LI

individual waves selected either automatically from PROGRAM FD5A or

RN
"-'.'-'~

manually from PROGRAM FDATAS is analyzed separately. First, an
average velocity is computed ffom the measured horizontal current
\ profile. Then the drag, C4, and inertia, C, coefficients are com-
- puted by least-squares analysis according to Sarpkaya and Isaacs;)n

(1981). The predicted 2-term Morison equation force is given by

Fp(e) = 1/2 CpDLu(e) + <wdIfu(e) + <wd| + 1/4Cmp‘rr02 u(e) (4.2-1)

o -33-
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where Fp(e) is the instantaneous predicted local in-line force per
unit of the vertical cylinder and <u> is the average velocity. A
mean-square error between the instantaneous measured force per unit
length, Fm(e), and the forc> predicted by the 2-term Morison equa-

tion in Eq. 4.2-1 may be defined by
e g [ [Ryle) - Fo(e)Toae (4.2-2)

The drag, Cd, and inertia, Cg, coefficients may be estimated from

4.2-2 in a best least-squares sense according to

362 352
—BT::; = 0; a—c;l- =0 (4'2'3)

By Cramer's rule, the estimates for the two force coefficients are

given by
. BjAy - BoA, (4.2-32)
m =~ I/8 oD DET(C , C} )
o Wl (4.2-3b)
d ~ 172D DEWC, T} '
where
2n .2
Ay = [ u“(e)de
o
2n .
Ay = [ u(e)lu(e) + <udlu(e) + <u>|de
0
2n 4
A4 = of [u(a) + <ud>]'de
2n .
By = Of Fa(0)u(e)d(e)
-34-
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2n
B, = [ Fo(e) [u(e) + w>Jlu(e) + <ud>|de

2 0

2
DET{Cm, Cqgt = A1A4 - A2 (4.2-4)

The integrals in Eqs. 4.2-4 were evaluated numerically using
Simpson's rule (Crandall, p. 161, 1956).

The horizontal water particle kinematics required in the inte-
grals in Egs. 4.2-4 were computed by three different means: 1) by
the measured kinematics from the east current meter; 2) by the
linear wave theory plus the average measured velocity; and 3) by the
nonlinear Dean stream function wave theory plus the average measured
velocity. In addition to the three sets of water particle kine-
matics used to obtain the force coefficients, two additional sets of
existing force coefficients were employed in the analysis: 1) Wave
Project 11 coefficients; and 2) U-tube coefficients. Both the root-
mean-square and the maximum errors between the measured and
predicted forces were computed for each of the 7 waves analyzed for
each Run,

The Wave Project II force coefficients were computed by

c = 1.33 (4.2-5a)

1.20 ; R < 2.0x10°

Cy0) = 10F ; 2.0x10° < R < 5.5x10° (4.2-5b)
0.55 ; R > 5.5x10°
where
£ = 3.59197 - 1.022710g,(R) + 0.0673774[10g, o(R) I°
-35-
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and where R is the instantaneous Reynolds number and v = kinematic
viscosity of the fluid (= 1.41x107° ftz/sec.). Since Cy varies with
R (and time, or 8), there is no single value to show for a
particular run, The maximum Reynolds number possible during any run
is 3x109. Therefore, according to Eq. 4.2-5b, the drag coefficient
will vary as 1.03 < Cd < 1.20.

The U-tube coefficients published by Sarpkaya and Isaacson
(1981) do not extend to either the Reynolds numbers or the Beta
values measured for the NCEL data. Since U-tube tests have never
been extended to the Reynolds numbers or to the Beta values obtained
in large wave tank experiments, it is questionable that tha U-tube
values can be reliably extended to in-service design of prototype
structures. Nevertheless, an effort was made to extrapolate
graphically the data reported for U-tube tests. The results ob-
tained by these graphical extrapolation methods are not unique and

should not be interpreted as recommendations for the use of U-tube

coefficients for computing wave forces. They were done for interest
only in accordance with the SOM.

The U-tube inertia coefficients were estimated from

2.00 ; K< 2.0

C 0.001336K3- 0.029881K2+ 0.17002K + 1.71668 ; 2.0 < K< 11.0

1.75 ; K> 11,0 .
(4.2-6)

The U-tube drag coefficients were estimated from
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R < 1.0x10°:
Cy = 0.000476K> - 0.017877K% + 0.185404K + 0.244354  (4.2-7)
R > 1.0x10%:
0.5 ; K ¢ 2.5
C, = 9 0.00124K° - 0.3636K” + 0.280324K - 0.000779  (4.2-8)

0.55 ; K> 8.0

Measured Kinematics. Figure 4-22 illustrates the measured

horizontal water particle kinematics and the numerically computed
horizontal water particle acceleration for wave #3 in Run #5. The
measured horizontal water particle velocity includes the average

current, <u>. The units of the vertical axis in Fig. 4-22 are ft.
2

for the water surface elevation, ft/sec for the velocity and ft/sec
j} for the acceleration. Figures 4-23 to 4-25 compare both the
ii measured forces and the forces predicted by the 2-term MOJS equation
using the measured horizontal water particle kinematics and each of

the three sets of force coefficients.

Linear Wave Theory Kinematics. Figure 4-26 illustrates the

horizontal water particle velocity and acceleration computed from
linear wave theory for wave #3 in Run #5. Figures 4-27 to 4-29
compare both the measured forces and the forces predicted by the 2-
term MOJS equation using the linear wave theory kinematics and each
of the three sets of coefficients for wave #3 in Run #5.

Table 4-4 summarizes the three sets of force coefficients (Cyq

and C ) that were used individually with each of the three different
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wave field kinematics. This resulted in nine different analyses for

each of the seven individual waves in each of the deterministic runs
listed in Table 3-1 that were analyzed by the 2-term MOJS

equation. (In addition, the 4-term MOJS equation was used with the

- three sets of kinematics, yielding a total of 12 different analy-
é; ses.)

Ezi St ream Function Theory Kinematics. Figure 4-30 illustrates the
!! horizontal water particle kinematics computed by the stream function

wave theory for wave #3 in Run #5. Figures 4-31 to 4-33 compare
with the measured forces and the forces predicted by the 2-term MOJS
equation using the stream function theory kinematics and each of the
three sets of coefficients for wave #3 in Run #5.

Four-Term MOJS Equation. The 4-term MOJS equation developed by

Sarpkaya (1981) introduced two additional time-dependent terms
having universal coefficients that could be used with the Fourier
coefficients obtained from the 2-term MOJS equation (Sarpkaya, 1981,
p. 59). Since these universal coefficients were developed by
Sarpkaya (1981) specifically for the use with the Fourier coeffi-
cients obtained from the 2-term MOJS equation, it was not realistic
to use either the Wave Project Il or the U-tube force coefficients
in the 4-term MOJS equation since they were not obtained by Fourier
analysis from the NCEL data. Consequently, only the least-squares

coefficients were used for each of the three sets of wave field

kinematics in the analysis by the 4-term MOJS equation. Sarpkaya
and Isaacson (1981) have shown that the inertia coefficients are

identical between the Fourier and least-squares regression analyses
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and that the drag coefficients differ only slightly (Sarpkaya and
Isaacson, 1981, p. 90). Therefore, the least-squares force coeffi-
cients were used with the universal constants in the 4-term MOJS
equation in the NCEL data analyses.

Only the 1least-squares coefficients were used to compute the
predicted forces by the 4-term MOJS equation using each of the three
sets of kinematics. Because some of the inertia coefficients com-
puted by Eq. 4.2-3a were greater than 2.0 and some of the drag
coefficients computed by Eq. 4.2-3b were negative, the lambda term
in Eq 2.1-2 sometimes becomes negative. When this occurred the two
additional terms in the 4-term MOJS equation were not used.
However, if the inertia coefficient was greater than 2.0 and the
drag coefficient was less than zero, then lambda was positive and
all four terms were computed.

Figures 4-34 to 4-36 compare the measured and predicted forces
computed by the 4-term MOJS equation for each of the three sets of
kinematics using only the least-squares coefficients for wave #3 in

Run #5.

4.3 Random Waves

Four random wave runs were recorded during the NCEL tests. Two

[

A A
¢

of these four random wave runs were analyzed and 10 individual

'-'-"PJ
[ 4

periodic waves were selected for analyses based on comparisons with

wave heights and periods in Table 3-13. A suite of three computer

DCNLNEN

- programs was developed to analyze the 10 individual periodic waves

that are listed in Table 4-5.




4.3.1 PROGRAM WAVER

PROGRAM WAVER calibrated the integer data from the random wave
runs similar to PROGRAM WAVE8 for the deterministic wave runs. A
block of data containing 512 values was considered as a sequence of

periodic waves. The fundamental wave period was then determined

K
-
-
o
'
)
e
“.
~
=
i
.

from T = 0.06%512 = 30.72 sec., where at = 0,06 sec. This single

block of data was then FFT filtered to remove the high frequency
! noise. The time series for the horizontal water particle accelera-
;ﬂ tion was computed numerically as before for the deterministic wave
. data in the frequency domain. However, there seemed to be a little
more high frequency noise in the velocity spectra for the random
waves. Thus, the high frequency noise problem in the acceleration
spectra were exacerbated due to the transfer function approach that
was taken, In order to obtain relatively smooth and useful
accelerations, the acceleration spectra were generally filtered at
0.5 Hz instead of 1.5 Hz, which was the general case for the
velocity spectra. There was one exception for Run 32, wave #2,

where the horizontal acceleration was filtered at 0.4 Hz.

4.3.2 PROGRAM FDATAR

The FFT filtered data from PROGRAM WAVER were then visually -
inspected on the TEKIRONIX 4010 CRT screen one block at a time.
From the hard copy output, the individual waves were selected on the
basis of wave height and wave period. Figure 4-37 jllustrates a
single block of 512 values of the wave profile from random wave
#32, The individual wave #6 was selected for analysis as an indi-

vidual periodic wave. The number of data values in the individual
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periodic wave selected was reduced to 33 values for that period by
FFT methods (see Appendix 3). The individual waves were thus

defined from crest-to-crest from the water profile record.

4.3,3 PROGRAM LABT4

The individual random wave was analyzed as a single periodic
wave. Figures 4-38 to 4-52 illustrate the results from the individ-
ual wave #6 and from block #7 in random wave #32. Note that in Fig. j
4-38 the wave profile is asymmetric and that both the sine and
cosine components were retained from the FFI coefficients. lhe
resulting wave profile is not a periodic cosine. Figure 4-38 also

“shows that the velocity profile, as measured, was not perfectly in
phase with the water profile as measured (which was from crest-to-
crest). It should be remembered that the wave period was defined in
terms of the times from crest-to-crest of the water surface

profile. Because of current measurement error the measured

horizontal velocities should not necessarily be in phase with the
surface profile, which is, in fact, the case for rig. 4-38.
It should also be kept in mind that the return flow (i) is

superimposed on the water particle kinematics when a periodic wave

theory 1is imposed on an individual wave from the random wave

5 record. Therefore, because of the nonlinear drag term in the
_ * Morison equation, the predicted force will not yield a symmetrical

plot, which is the case, for example, in Fig. 4-43.

Three plots of the comparison of wave kinematics appear in

! Figs. 4-53, 54, and 55. Similar plots can be constructed if desired
bI

- for all the runs from the results shown in Vol. II.
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5.0 SUMMARY OF RESULTS

Table 5-1 summarizes the average force coefficients from the 26
periodic runs. Table 5-2 summarizes the force coefficients from the
seven individual waves for each of the 26 periodic wave runs and
then the random waves. Each of the seven individual waves were
represented by 33 data points from the original 256 data points.
The two “bad points” waves in Runs #5 and #24 are identified by
asterisks.

Figures 5-1 to 5-3 illustrate the parametric dependency of the
average inertia force coefficient, Cm, on the Keulegan-Carpenter
number, K, for the 26 periodic waves. Figures 5-4 to 5-6 illustrate
the parametric dependency of the average drag force coefficient, Cd,
on the Keulegan-Carpenter number. Note that negative drag coeffi-
cients are not plotted. Also shown in Figs. 5-1 to 5-6 are the
maximum g values obtained from published U-tube tests (Sarpkaya and
Isaacson, 1981) and the 8 values for these tests.

Figures 5-7 to 5-9 illustrate the inertia force coefficients
for the 10 individual waves selected from the two random wave
runs. Figures 5-10 to 5-12 illustrate the drag force coefficients
for the 10 individual waves selegted from the two random wave
runs. Again, negative values of C, were not plotted.

Table 5-3 summarizes the RMS error and the absolute value of
the maximum error for both the 26 periodic wave runs and the 10
individual waves from the two random wave runs. The RMS errors were
calculated from the differences between the predicted force and the

measured force (as functions of time). In each case the predicted
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force was based on the choice of kinematics and coefficients as so
indicated. For example, under the stream function theory and WPII
cotlumns, the stream function kinematics, in conjunction with the
force transfer coefficients as obtained from the WPII data, were
used.

Table 5-4 summarizes the RMS error as a percentage of the maxi-
mum force for the 26 periodic wave runs and the 10 individual waves
from the two random wave runs. Also tabulated is the percentage of
enerqy in the two-harmonic acceleration spectrum compared to the
unfiltered acceleration spectrum. This measure indicates the 1loss
of energy in the acceleration spectrum due to filtering the non-
harmonic components in the spectrum. Figures 5-13 to 5-21 display
the RMS error as a percentage of the maximum force for the range of
Keulegan-Carpenter numbers measured. These results were obtained
from the 2-term MOJS equation.

Figures 5-22 to 5-24 display the RMS errors as a percentage of
the maximum force for the range of Keulagan-Carpenter numbers
measured for the 4-term MOJS equation. Table 5-5 summarizes the RMS

errors for the analyses dealing with the 4-term MOJS equation.
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6.0 CONCLUSIONS

1. Data of high quality were obtained on measured forces and wave
conditions for a 12.75-inch diameter vertical cylinder. Drag
and inertia coefficients were obtained therefrom for wave con-
ditions with a Keulegan-Carpenter number up to 16 at the local
force transducer and 20 at the still water surface. According
to the open literature, this environment should have produced
conditions that were drag dominant (although the inertia
effects should still be significant). However, the results
indicate the conditions were inertia dominant (and the drag
effects were still significant).

The assumption that drag-dominated wave forces exist at
Keulegan-Carpenter numbers near approximately 20 is not cor-
rect. This assumption arises from U-tube results which
demonstrate that there is no parametric dependency of the force
coefficients for K > 20. In contrast, the Dean number, E, (See
Appendix 11.2) demonstrates that wave data do not become inde-

pendent of K until E > 4,0, and E = .088 K, from which K =

45. As a consequence, most laboratory data determined herein
are dependent on both Cy and C,. For the data with K = 6 we

found that the center forces were completely inertia dominated:

2, Te wave forces as functions of time were calculated using
measured kinematics and theoretical kinematics from linear and

stream function theory, using least square coefficients, Wave

3 Project Il coefficients, and U-tube coefficients--all for the

- -

SRR O
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2-term MOJS equation; and for the 4-term MOJS equation using
least square coefficients. The g values were much higher than
normally seen for laboratory testing. In fact, they were only
moderately smaller than for conditions at sea. The C, values
for measured kinematics were slightly larger than for the
linear and stream function kinematics. The Cy values for the
measured kinematics had less scatter than for the two theoreti-

cal kinematic models. In addition, the values of Cd in the

- v -
i)

range of K where they were relatively reliable (K > 10) were
approximately one-half those reported by Sarpkaya (1981) for

oscillatory flow U-tube experiments with g values up to 8370.

3. Plots of the RMS errors vs. K indicate that the most accurate
analysis methods used herein were the measured kinematics and

the coefficients derived from a least square analysis.

4, e published U-tube coefficients do not extend to high enough
Reynolds numbers or beta parameters to be used for the O0SU
laboratory wave analyses. Since the Reynolds numbers and beta
parameters in the NCEL-0SU laboratory wave tests are still
lower than in-service ocean designed values, U-tube coeffi-

cients, should be viewed with caution for wave force design.

5. The 2-term MOJS equation gave lower RMS and maximum errors than

did the 4-term MUJS equation. lhe universal coefficients in
the 4-term MOJS equation were not valid for these l|aboratory

wave data.
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The 2-term MOJS equation used with measured kinematics and
measured coefficients gave lower RMS and maximum errors com-
pared to either linear wave or stream function wave theory

kinematics or the Wave Project Il or U-tube coefficients.

Linear wave theory and stream function wave theory kinematics
should be corrected for wave tank circulation currents in wave

force analyses.

Although interesting observations have been made from the
several types of calculations required by the SOW, many other
analyses wait to be made on the data. Some of these are:
a) Phase shift vs. K plots for water surface vs. total
force.
b) Maximum force coefficient vs. K plots.
c) In conjunction with a and b, new Cd‘s and C.'s can
be derived.
d) Total forces and overturning moments can be exam-
ined.
e) Transverse forces should be examined regarding maxi-
mum litt coetticients.
f) More analyses should be directed to the random wave
runs. Much more extensive transfer function and
wave-by-wave analyses can be made to shed light on
proper methods and techniques that differentiate
analyses in random waves from those for periodic

waves.
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g) For both periodic waves and random waves a Cross-
correlation analysis may produce more insight to the

phase shift model.

The phase shift and maximum force coefficients analysis
referred to above has innate advantages. First, both the phase
shift and maximum force coefficient are more stable, displaying
little scatter for all values of K. Secondly, the relative
importance of the drag or inertia term is immediately evident
in the phase plot. Ihirdly, the maximum force is much more
accurately predicted than in any of the methods utilized in
this work., It should be added that this proposed technique has
only recently revealed itself. In fact the ideas encompassing
the new methods were stimulated by this research. Ithey should
be further explored because of the promise of a major improve-
ment in available methods of determining Cd and Cm from labora-
tory experimentation and projecting the results to prototype

conditions.
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g’ Table 3-1 Measurements of LFT surface alignment. OUT from the cylinder
I surface = +, IN = -, Bearing means 0° = North (downwave)
180° = South (upwave) and 90° = East, Measurements in mm.

Bearing Bottom Top Longitudinal Spacing
(degree) Alignment Alignment From Cylinder
Top Bottom
0 0.0 + .8 1.4 1.5
30 + .3 + 1.1
60 + .4 + .8
90 + .5 + .4 1.5 1.9
120 + .5 + .2
150 + .3 0.0
180 + .7 0.0 1.5 1.3
210 + 1.0 + 1.0
240 + .8 + .9
270 + .5 + .3 1.5 1.0
300 - .6 - .5
330 - 1.1 - .5
Average + .3 + .4 1.5 1.4
o .6 .6




Table 3-2 Light and heavy calibration weights

Calibration Weight (1bs)

Step Light Heavy
1 0 0

2 .74 3.22

3 2.66 18,35

4 4.59 28,07

5 6.54 43.45

6 8.50 63.92

> 7 10,47 84.46

r 8 12,47 108.33

h 9 1,51 132,64

. 10 16.56 157.08

;ﬁﬁ_ 11 181,61

- 12 201,44
n
&
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NOTES:

Run No.

Table 3-13 Log of runs

Kave
Frequency T Span
(Mz) (s) (waveboard)
.500 2 95
.500 32
.4n0 2.5 110
.400 2.5 205
.400 2.5 375
.270 37 175
.270 3.7 444
.270 3.7 780
217 4.6 147
217 4.6 336
217 4.6 827
217 4.6 1000
.189 5.3 202
.189 5.3 338
.189 5.3 693
.189 5.3 933
.189 5.3 1000
.167 6.0 665
.167 6.0 800
.167 6.0 950
.238 4.2 1000
.189 5.3 1000
.217 4.6 1000
.270 3.7 780
.400 2.5 375
167 6.0 950
.5 95
.270 3.7 180
217 4.6 827
.167 6.0 665
.167 6.0 800
Random JONSWAP T = 3,.7x Hl/3 =2.9
Random JONSWAP T = 3.7x H]/3 2.9
Random JONSWAP T = 3.7x “1/3 x2.9
Random JONSWAP T = 3.7x "1/3 =2.9
.333 3.0 140
.333 3.0 320
.333 3.0 850
.250 4,0 180
.250 4.0 450
.250 4.0 900
.200 5.0 200
.200 5.0 700
.200 5.0 1000
.333 3.0 650

Water Temperature = S0°F (4722 § 4/23)

Hater Uepth

= 11.5 ft,

g T TR TR A U ST .

Target Analog Counter

H Start
(Ft)
1.0 35
0.4 51
1.1 66
2.0 83
3.7 101
1.0 119
2.5 140
4.4 163
0.7 18%
1.6 209
3.1 233
4.3 257
0.9 281
1.5 308
2.6 334
3.5 359
3.9 386
1.9 412
2.6 445
3.3 477
5.2 510
3.9 537
4.3 568
4.4 597
3.7 622
3.3 645
1.0 676
4.4 698
3.1 723
1.9 751
2.6 184
816
990
1160
1330
1.0 1498
2.5 1519
5.0 1539
1.0 1564
2.5 1587
5.0 1610
1.0 1633
2.5 1660
5.0 1684
5.0 1710

Stop

51

65

83
101
119
140
163
185
209
233
257
281
308
334
359
386
412
445
477
510
537
568
597
622
645
676
698
723
751
784
816

990
1160
1330
1498

1519
1539
1564
1587
1610
1633
1660
1684
1710
1731

Remarks

X 10 A/D = 2
X10 - 2
X 10
X10 -
X 10
(voitage out of r

10

10

10 - 42

1 - #2

10

10

10

1

1

10 4/25/83

10

1

1

1

1

1

1

1

10 Copy of Rl
1 Copy of %8

1 Copy of Rll
1 Copy of RIB
1 Copy of RI19

1
1
ifferent
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Table 4-2 Summary of amplitude attenuation and phase shifts
introduced by the Marsh-McBirney current meters
(t = 0.159 sec.)

f LY
(Hz)

0.0 1.000
0.2 0.981
0.4 0.927
0.5% 0.895
1.0 0.707
1.5 0.555

*denotes highest wave frequency tested during periodic wave runs.

Table 4-3 Summary of amplitude attenuation and phase
shifts introduced by the Rockland filters

Oy
(radians) (degrees)

0.0 0.0
-0.197 -11.3
-0.380 -21.8
-0.463 -26.5
-0.785 -45.0
-0.982 -56.3

(fo = 8 Hz)

f e | Hg]
(Hz) (F/F,)

0.0 0.0 1.0
0.2 0.025 0.9996
0.4 0.05 0.998
0.5 0.0625 0.997
1.0 0.125 0.989
1.5 n.1875 N0.976

o%
(radians) (degrees)

0.0 0.0
-0.080 -4.6
-0.162 -9.3
-0.202 -11.6
-0.407 -23.3
-0.610 -35.0
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Table 4-4 Summary of combinations of force coefficients and wave
kinematics for 2-term MOJS equation analyses

Force Coefficients 1. Least-Squares
(Cq and Cp) 2. Wave Project II
3. O-Tube
p
' Wave Kinematics 1. Measured

2. Linear Wave Theory

3. Stream Function Wave Theory

Table 4-5 Individual periodic waves selected from random wave runs

Individual

Run Wave Block Wave T H
No. No. No. No. (sec) (ft)
32 1 5 4 4.68 1.95
2 7 6 3.78 3.50
3 9 2 2,52 2,97
4 13 2 4,74 2.99
5 19 6 2.52 2.89
34 1 7 4 4,26 1.96
2 11 2 4,08 2.34
3 15 3 3.84 2,65
4 15 5 3.66 2.89
5 19 3 4,98 1.61

-69-
:iﬁ?éﬁﬂ?btﬁrﬁﬁ@k;ﬂi&gﬁkjgiiﬁﬂ“Qﬂ“gﬁ*?(ﬂf}iﬂk;iklﬁféﬁﬂ*}iﬂftﬁFbi"}fiiﬁiF}iﬂE}iﬂ”




oy s T:au i ¢ 5 fegm MO
/LR €€ {

. 18070 S0°0 8L°T 21°0 E€£°0  #E°ST S0°2 211°0  #1°0  S8°1 810 8£°0 10791 8°1 £s2°0 11°0 89"t #1°0 8E°0 el "1 6L°2 00°9 92 K
250°0 10°0 60°2 €1°0 9070 OI°S £9°1 G0°0 00 061 21°0 65°0 s 91 690°0 %00 08°1 0170 €S°0 2§°S L 8Lt 0572 s2 '
$21°0 90°0 68°1 EI°0 €¥°0 00°T1 8t°2 060°0 900 28°1 80°0 01°C §6°01 -2 261°0 SC°0 $9°1 900 60°0 122 9°2 e 0r°t 1 24 . “
{11°0 $0°0 (8°T 80°0 (b0 1E°%1 69°2 €91°0 (0°0 1B°1 €£2°0 6070 92791 8y°2 8s1°0  (0°0 €L°1 610 11D 08°y1 8572 91y 09y €2
080°0 ¥0°0 SL'T  80°0 LET0  S2TOT  9v°e 801'0C  80°0 6%°1 (00 £2°0 LSt 672 82°0 80°0 (1 S0°0 SZ°0 92°s1 €2 e 0t°s 22
£€60°0 €00 €8°1 90°0 £5°C EI'¥p1 69°2 LE170 90°0 S9°0 60°0 SL°D et 89°2 651°0 SO0 69°1 90°C 1970 #E°91 60 °t 06°y 02y 12 .
{90°0 60°0 18°1 60°0 LE°0 90°SI 10°2 §1T°0 60°0 S8°1 90°0 9t°0 66°¢1 981 §92°0 60°0 99°t SO0 L0 [ A 6.1 1872 00°9 02 o
090°0 2070 26°T 810 Ov'0 19721 89°1 9/0'0 800 66°1 ([1°0 19°11 §S°1 €12°0  £0°0 (8°1 9170 v°0 8y 01 or°t 8272 00°9 (61)1¢ )
200°C  S0°0 L6°T L1°0 L£°0 99701 21 £E0°0 21°0 86°1 92°0 1576 82°1 S91°0 €1°0 26°1 #9270 (v°0 €L°8 911 06°1 00°9 {s1)08
£€20°0 $0°0 B8°1 (0°0 1p°0 21°S1 62°2 €21°0 80°0 ST 80°0 1t°0 ¥e°st 22 682°0 80°0 691 SO0 62° 62°S1 12 99°¢ 0g°s L
690°0 80°0 16°T (00 9€°0 S6°El 11°2 01°0 00 9°T 90°0 82°0 ot sl 9172 892°0 S0°0 #S°1!  90°0 92°0 728 3 912 et 0t°s 91
800 20°0 66°1 SI0 S2°0C SE°OI 95°1 €600 60°0 69°1 L1°0 9t°0 oz 1t 69°1 812°0 80°0 9S°T 9170 €£°C £2°01 §6°1 1572 0£°s St
09°0 ¢0°0 11"z 8ET0 96170 12°S 6.°0 090°0C 90°0 18°1 61°0 6270 BI°S B0 §21°0 (0°0 81 BI0 L2°0 68y 0 2" 0e°s $1
990°0 SO0 9€°Z S.°0 9%0°0- 1972 0¢°0 090°0 E€1°0 ¥L°T SE°0  61°0- vI°t A ] 860°0 €10 €L°T €70 02°0- v0°f 9v°0 9.0 [1] 3 [ 49
DE10 9°0 68°1 010 B¥°0 (6°E1 4 24 gL1°0 {00 £8°1 020 SU°O 9t o2 991°0 £0°0 "1 S0 €170 £v st 69°2 (ry 09°¢ 21
p1T°C €00 S6°1T Y10 B8P0 18°11 S0 "2 €220 60°C 89°1 22°0 29°0 £2°21 g£1°2 €010 800 0/°T 0270 S§S°0 9% °21 (3854 €5°¢ 09°t (11)62
8¥0°0 60°0 EI'Z LU0 ST°0  65°Y 08°0 980°0 21°0 28°1 92°0 2¢°0 8¢ $8°0 §S0°0 1170 28°1 92°0 2v°0 1 §8°0 w1 09y o1
180°0 ET0 6272 1€°0 (S0 1p72 2ro 190°0 12°0 LL°1 8172 &1°0- §1°2 8E°0 28070 12°0 L1 91T evO- BIT2 8€°0 €9°0 09°t 6
EIT°0  »0°0 26T 0270 vv°0  v.°01 e 980°0 00 O0B°T #1°0 S1°0 26°01 9t°2 $02°0 ¥0°0 191 110 €170 61721 $9°2 0y°v 0L°e (8182
{S0°0  #0°0 01°2 (0°0 02°0 82°9 91 10°0 11°0 (B°1 22°0 6%°0 0s°9 w1 2170 20 1871 0270 8¥°0 1879 [0t 28°2 0t L
2€0°0 2070 Z2°Z o02°0 20°0- 0§°2 ¥5°0 160°0 €0°0 6072 E£#°0 00°0 0s°2 +5°0 060°0 €0°0 80°2 20 10°0- §§°¢ $6°0 $6°0 0Lt @
040°0 €0°0 0EZ 60°0 21°0 OB°¥ 5°1 $S0°0 00  96°T  #¥°0  6%°0 66°% 09°1 6900 SO0 S8°T 0v°0 S0 SE°S w 62°2 0Lt H
$10°0 20°0 82°2 #£0  6ETO- LL°2 68°0 810°0 £0°0 €0°2 €2°0 ¥2°0 1872 06°0 1200 €0°0 10"z 220 €270 s8°2 16°0 88°1 0§°2 t
6Y0°0 €0°0 2€°Z 06°0C 98°0- 29°1 2570 +10°0  10°0 02 6S°0 21°0- 65°1 1570 §10°0 10°0 (0°2 850 2170~ 09°1 16°0 10°1 (1) €
#80°0 $0°0 99°Z 68°1 9.2 6E°0 S1°0 010°0 200 S0"2 8£°C2 60°0- (£°O S1°0 010°0 10°0 S0°2 (£°2 600~ l£°D S1°0 SE°0 00°¢ 4 uf
€£0°0C 6070 SEZ 9£°0 0E£°0- 61T Ay 2070 €00 207z 8Y°T 290 §1°1 970 9200 €0°0 €02 8¢l 1970 (188 ¢ 9v°0 01 00°¢ 1 ”Iu

FAL] Amb:v Jd? nmb_xv Ja2 nmb_: (34) (oes) Y .nn
swy "> P Py A oswe e M P Py oy sy Yoo % P Py y r e uny hS
- 77 T s5tjvwauly painseay + U T T Riosy uojasung wesazs K103y anem Jvauiy .“

SunJs 9abm 51p01Jad 97 Iyl WOy $3U9134 44905 3340) 96eJdAR Iyl JO Asewwng 1-¢ I|qQ¥)

v*

DI R R
- *;\-,l"_‘.'.‘hh




. .
f-
y
m (xew)y/ d w —Mm N aas
3 ()4 - () 4], U swy F3Low
p |8
s/
p .
m. ¥1°0- €£0°0 62°2 10°0- 08¢ $S°1 ;v50°0 16°1 (LL°0 88°t 95°1  690°0 28°1 06°0 S¢°S  89°1 | z2¢°¢ L
\ L1°0~ SL0°0 0€°2 11°0 (9°v 6bv°1 [¥50°C 06°1 €.°0 00°S 09°1{69%0°0 08°'1 99°0 0¥°S E£L°1 ) L£°E 9
4 12°0~ €80°0 92°2 22°0 19°t 8v°1 '650°0 06°1 #2°0 80°S  €9°1 | ¥L0°0 1/°1 22°0 W's SL°T | ¥E°E S
4 (1°0~ LL0°0 82°2 €1°0 92°S 89°1 |850°0 [6°1 ¥2°1 €Ly 2S5°1 1940°0 68°1 #1°1 €0°S  19°1 | 21°¢ 14 S
' ¥2°0~ 2(0°0 2€°¢ €2°0 06°¢ [S°1 [090°0 €6°1 BI°0 61°S  99°1 | $¥90°0 €£8°1 (1°0 85°S  6L°T | LE°€ £
z $2°0~ €90°0 #$£°2 O01°0 [6°v 6S°1 |S50°0 00°C ©0°0 90°S 29°1 {§S0°0 26°T 80°0 1w°s  EL°T | 92°¢ 4
- €2°0~ 950°0 62°¢ 90°0 €8°% SS°U |[0v0°0 86°T 91°0 00°S 09°T | 690°0 68°1 S1°0 108 T A S I 74 S 0§°2 1
m” 00°0 S10°0 62°2 S6°0- 89°2 9870 {810°0 20°2 (2°0 18°2 06°0 | 12°0 00°2 92°0 28°7 060 | 68°1 L
20°0- 110°0 82°2 1.°0- S9°2 68°0 [S10°0 20°C ¢€0°0 08°¢ 06°0 j610°T 00°2 €0°0 98°2 26°0 | 68°1 9
4 20°0~ OTI0°0 82°2 #¥°0- 06°C €6°0 [€10°0 €0°Z 10°0 8(°2 ¥8°0 {8100 10°¢ 10°0 ¥8°2 16°0 | 88°1 S
S0°0- (10°0 62°¢ 22°0- 66°¢ 96°0 |€£20°0 ©0°Z #9°0 18°2 06°0 | 120°0 90°2 29°0 98°2 2670 | #8°1 14 ]
$0°0- 020°0 1€°2 B2°0- 69°C 98°0 (920°C L0°C 0O+°0 28°2 06°0 1120°0 S0°2 6E£°0 88°2 26°0 | 18°T €
10°0 210°0 92°2 #0°0 69°2 98°0 iS10°0 10°¢ 92°0 18°2 06°0 {020°0 86°7 92°0 28°2 0670 | 88°1 4
y0°0- 910°0 92°2 81°0- 28°2 06°0 |[BI0°0 10°Z 9070 €82 16°0 |S20°0 66°T 90°0 88°2 26°0 | 88°1 0S°¢ 1
¥0°0- 950°0 1€°2 95°T- 09°1 15°0 ]600°0 80°2 20°0- 8S°'I 1S°0 | T10°0 £0°2 20°0- 6S°T 15°0 | 10°t L
€0°0- $S0°0 1€°2 LE°T- SS°T  0§°0 |010°0 01°C &2°0 6S°T 06°0 |110°0 60°2 %270 SS°'T 0S°0 | 66°0 9
S0°0- 8¥0°0 2€°¢ (0°1- 8S°1 1S°0 |€10°0 ©0°2 €0°I- 09°l 1S°0 {€10°0 [0°2 20°1- 19°1 26°0 | 00°1 S
90°0- 250°0 0€°2 08°0- 2L°1 GS°0 |910°0 90°C 85°0 ¢9°l 2670 |810°0 S0°C (5°C £€9°T 25°0 | 10°1 4 £
S0°0- 8%0°0 2£°2 91°0- ¢9°1 €570 |€10°0 [0°C 2I°0 09°t  1S°0 {11070 90°¢ T11°0 19°1  25°0 | 10”1 €
$0°0- S¥0°0 62°¢ 8O- SS°T 6%°C ({210°C L0°C ¢8°0- (S°T 0S°0 |E10°0 90°2 #8°0- §S°I IS0 | 66°0 2
$0°0- €¥0°0 8€°2 85°0- O0L°T #5570 (G200 90°Z OT°0 £9°1 26°0 {520°0 9072 OT°0 ¥9°1 2570 | %0°1 0s°2 1 1
20°0- $80°0 ¢9°2 80°I 0v°0 91°0 |SO0°0 90°2 82°0~ [E0 SI'0 [SOO0 90°2 82°0- [£°0 SI°D | SE'O L ~
10°0- £80°0 €9°2 SL°0 9€°0 #1°0 [800°0 90°2 21°0~ 9€°0 SU°0 [800°0 S0°2 21°0- 9€°0 SU°0 | SE°O 9
20°0- 680°0C S9°2 28°0 Sv°0 81°0 [¥00°0 90°2 21°0 8€°0 S1°0 |$00°0 S0°¢ 21°0 6€°0 S1°0 | SE°0 S
10°0- 8(0°0 89°2 S2°¢ [£°0 S1°0 |220°0 €0°2 €S°¥~ [£°0 SI°0 j220°0 €0°¢ 2S°¥- [E°0 ST°0 | 9E°0 14 4
10°0- 160°0 19°¢ SS°S €£°0 €1°0 [SO0°0 +0°2 0.L°0- 9€°0 +&1°0 [S00°0 #0°Z 0L°C- 9€°0 SI0 | GE°0 €
200~ 280°0 G9°2 28°¢ €v°0 [1°0 |110°0 €0°2 OI°C 8E°0 SI'0 {T10°0 €0°2 60°¢ 8€°0 S1°0 | 9€°0 b4
20%0- 180°0 €.°2 SO°¢ 8€°0 GU°0 (8I0°0 90°Z 08°1 860 SU'0 (BI00 90°2 6L°1 860 St'0 | 9t°0 00°2 4
S§0°0- §.0°0 2€°7 69°0- ST'T  9v°0 |610°0 $0°2 $1°1 60°T  ¢¥°0 {B10°0 SO°2 #1°1 60°T v$°0 | SO°T L
90°0- T1.0°0 €£°2 8v°0- 61°1 (90 12070 €0°2 2L°0 €1°1  6v°0 {610°0 ¢0°2 2L°0 €11 S¥°0 | 90°1 9
90°0- [{0°0 2£°2 9v°0- S8I'1 /[p°D |L10°0 20°2 9.°0 €'l Sb°0 |910°0 €0°2 9L°0 €' S¥°0 | 90°1 S
L0°0- +0°0 €£°2 $0°0 HI°1 9v°0 {v20°0 €0°2 1E°1 S1°'T  9b°0 |[€20°0 €0°2 1E°1 SI°T  9v°0 | 90°1 14 1 N
£0°0- €£0°0 1£°2 810 12°1 8p°0 |610°0 S0°2 8L°0 ¢l'l  S¢°0 |810°0 90°2 8L°0 2I'T  Sp°0 | ¥0°1 £ ....w
£0°0- 680°0 62°2 $9°0- SI'T 9v°0 | £20°0 20°2 ¢1°2 €1°T  Sv°0 [820°0 20°2 ¢t1°¢ €1'T  S%°0 | v0°1 4 7
{0°0~ 0S0°0 96°2 20°0- 62°1 2S°0 |6S0°0 96°T ¢S°2- [2°1 1S°0 [/SO°0 L6°T GS§°2- (2°1U 1§70 | 81°1 00°2 1 ....M
N
. aso (g-01¥)| 443 (g-01x)| 402 (01 | (1)  (295)  on o~
. sxn s Y Py ¥ [sw Yo Py oy ¥ [sm Y P Y u S ST anem  uny X
. . T s3pjeweuty paJnseay A108Y] @AM UGLIIURY WRBJIS faoay| 3neN seauyy ...M
) (X00T» Ju2 SWY) (sosKieue wouy pajjlwe aaem ,s3uiod peq, S3JOUIPy) SIALM WOPURS (BNPLA[PUL Q1 Y}
. pue suns aAem 3|potJad 9z U U SIABM ENPLAIPU} UBADS 3UJ JO UIB3 JOJ SIUDLI|JJI00 33404 JO AJRwwng 2-G 91qe)
-, o f
. .on.
"
. i -(-

)




00°0

£0°0-
10°0-
10°0-
10°0~
20°0-
20°0-

81°0-
220~
€270~
ot°o-
22°0-
82°0-
og°o-

S0°0-
S0 0~
$0°0-
1t°o-
21°0-
80°0-
11eo-

10°0-
20°0-
20°0-
€0°0-
£0°0-
1o-
10°0-

xx

- N -4 [T23
. o« s o » v * o e
NNNNN NN NN NN N

- [-,]
.

QoMM
R NhON
. . o
—ed =t et ot

£8°1

83 3

et et vt
. o o o LR
NNNNNNN NN NN N

OCTN—~Oa O A o~ O
NNNNNNN
.

O
.

<™ ™~ D
QQ-—48
* o .

do Jdodocoo

a0 ™4 =t OO «
O N®
. o
(=R ~N -]
)

08°0
69°0

$2°0
1€°0
920
LN
$6°0
£9°0
$L°0

ST°0
0€°0
$2°0
12°0
22°0
01°0
(AN

92°0

12°0

ot°o-
erro-
10°0-
01°0-
y€°0-

Py

£S°Y
vy
Sh°y
PAIS
28°Y
SL°Y
v9°t

00°2
92°2
e
€v°2
0L
£9°2
1281

62°11
6L°01
65°11
1
61°01
28°01
S6°6

(9
AN
0g°9
02°9
£z'9
FAN
Lz'9

92
25°¢
e
€6°2
Lee
08°2
9¥°2

X

§I130WaU LY paJnsedy

6L°0
o
LL°0
6.°0
¥8°0
£8°

—
©
o

MW NI
« o e . ¢ o o o o o

O ) <t
N N < ST N™
(3
NN NN =R~ RN =]

™
o~
.

[ E Kk 1 B B end
WY WO W
Sooodaso

Amlouxv

£€01°0
$11°0
SL0°0
£60°0
£90°0
£L0°0
080°0

$20°0
650°0
£90°0
£€90°0
850°0
190°0
2v0°0

£01°0
£60°0
060 "0
180°0
6.0°0
180°0
0L0°0

060°0
960°0
$20°

180°0
690°0
v$0°0
S¥0°0

8€0°0
Sv0°0
640°0
S€0°0
€10°0
£20°0
{10°0

449
SWY

9L°1
| VAR
16°1
SL°1
96°1
S6°1
26°1

120
$9°1
09°1
(81
16°1
S6°1
66°1

£8°1
Wi
98°1
8L°1
9L°1
SL°1
£8°1

£L°1
98°1

sy

06°0 18 ¢8°0
2L°0 $0°S 88°0
Ly°0 98°t S8°0
09°1 v6°v 98°0
90°0- 9S°% 6L°0
22°0 69°¢ 28°0
9%°0 (8¢ 68°0
v0°2 Lg°¢ e
11°0- 62°¢ 0¢°0
16°2- ¢2°¢ 6£°0
96°2- 10°2 SE£°0
00°¢ £0°2 6£°0
S1°0 e1°e  (tE°0
£9°0- $0°2 9t°0
900 S0°11 6£°2
1’0 $6°01 (£°2
10°0 101 2g£°¢
20°0 8E° Tl 9p°2
ST°0 9T°IT 1¢°2
0£°0 vL'01 2¢€°2
lE*0 9v°01 92°2
61°0 96°9 15°1
S%°0 Sv°9  Ot°l
Lh°0 ve'L  IS°0
28°0 22°9  §g°1
6v°0 92°9 6g°1
0€°0 $2°9  &€°1
vL°0 11°9  2¢°1
0v°0 (v°2 870
1€°0- L[¥°2 #§°0
L1°0- S¥°2  £§°0
¥9°0- (P2 #5°0
€10 05°2 ¥5°0
20°0- S{°2  09°0
19°0 v e 25°0

Amlo?&

P b ¥

Kioayl aAeM uwOL3dUNg WRIIIS

9/°1 05°0  98°p
21 L0 28
1L°1 9%¥°0 S0°S
ST 19°0 $6°%
S6°1 $0°0- S8°Y
S6°1 $2°0  28°%
26°1 90  ¥8°%
bp°1 €0°2  ££°2
€9°1 0T1'0- 9£°2
09°1 6b°2- t2°2
(8°1 €6°2- 90°2
16°1 86°2 80°2
G6°1 81°0 8172
86°1 $9°0- 012
€9°1 800  20°21
(ST €10 s2eel
£9°1 20°0  §0°21
65°1 20°0  28°11
(5°1 €1°0  9p°2l
65°1 S2°0  pb°2l
9°1 1€0  82°21
£9°1 120 60°L
08°T 9v°0  £9°9
$9°1 99°0 1€
€8°1 8L°0 2L°9
98°1 (90  9L°9
£6°1 620  19°9
€6°1 0L°0 859
20°2 660 25°2
90°z 2€°0- €£5°2
21°z 81'0-  15°2
90°2 +9°0- €5°2
0°2 €1°0  §5°2
11z 20°0- 18°2
60°2 090 €972
Uy Py M

Kioay aaem Jeaui

(panutjuod) z-g 2(qey

S8°0
¥8°0
88°0
98°0

< wr <

@ @ ©
F ) P

0o oO

P~ DWW ™
NN <
.

» L] .
NN NN [~ R =R-N-N-N N

™™ OO O —~nO
D W WwYo
.

QQQQS
* = [
et P g et et

O DWVTOW N OO
N WO W W W W WD
dodogaoad

01
14 A
L1281
eyl
9e°1
8e°1
1

NSO~

09°¢

69°0
1970
99°0
09°0
09°0
29°0
09°0

NN MDD

09°¢

ov°t
FA M
€€y
(A 28 4
0s°¢
IA M 4
£EY

—~ N DO

£9°¢
8y°2
9L°2
Sp°2
Sv°¢
¥°C
6€"2

NSO~

0L°e

$6°0
$6°0
$6°0
$6°0
S6°0
$6°0
£€6°0

SN MWD WO~

0s°¢

(o9s) -oN

S 5ppy

(33)

01

82

uny




r - T
’ ™
v DR
' A
s K
v A
4
|
£0°0 ¥80°0 00°¢ L1°D IETOT 9S°T ;211°0 29°l 2S°0 6S°1T G/L°T |£22°0 6%v°1 8%°0 1S°01 6S°1 | 29°2 L B
20°0- [{0°0 00°2 21°0 SEO1 9S°T | $01°0 S9°T Ov°0 SETT TL°1 |682°0 0S°1 SE°0 Sv°01 8S°1 | 29°2 9
2070 680°0 S6°T $2°0 ST°OT €S°7T [980°0 SS°1 65°0 89°T1 LL°1 {E61°C S¢'T §5°0 65°01 09°1 | §9°2 S
00°0 ¥S0°0 66°1 ([1°0 Sp'OT 85°1 1960°0 89°T ¢2E°0 12°11 69°1 [822°0 95°T 82°0 02°01 ¢S°1 ] 85°2 14 St
€0°0 2¢.0°0 86°1 91°0 O0L°01 29°1 |{960°0 #.°1 1E°0 €0°1T [9°1 |802°0 29°1 82°0 €0°01 2S°T { 6¥°2 £
£0°0- 9£0°0 86°1 [E£°0 $E°O1 9S°1 |SL0°0 LT ([2°0 2901 09°T |602°0 +9°1 82°0 566 0S°1 | 8¢°2 4
€0°0- v60°0 €0°2 +5°0 E€I°01 €S°1 180°0 6L°T 60°0 £6°01 S9°T |612°0 (9°T 90°0 61°0T ¢S°T | ¥5°2  0OE°S 1
00°0 +£0°0 91°2 SI°0- €2°G 6L°0 {880°0 8L°T 1%°0 0£'s 08°0 |2ST°0 +¥L°1 6€°0 00°S 9L°0 | 92°1 L
$0°0 690°0 20°Z O1°0- 26°F #£°0 |€S0°0 89°1 22°0 25°  £8°0 JSOI°0 99°F 12°0 12°S 6470 | 92°1 9
20°0 9¥0°0 €1°2 [2°0~ 09°S S8°0 |9/0°0 6L°T S0°0- #E€°S 08°C [0V1°0 9L°T 80°0- #0°S 9.0 | S2°1 S
20°0 §S0°0 21°2 €1°0 SU'S 8.°0 [090°0 18°T 2v°0 $2°S  6L70 10210 8L°T 0Ov°0 S§6°v SL°0 [ €2°1 v 14
10°0 290°¢ 21°2 €v°0 SE'S 18°0 |8S0°0 68°T S¥°0  00°S 9L°0 1221°0 98°1 ¢€b°0 ey 20 ) 81y 2
00°0 950°0 01°2 19°0 11°S  [[°0 |¥€0°0 98°1 8E°0 ¥8°y SL°0 |211°0 €8°1 8E°0 69°¢ 1.°0 ] 81°1 4
00°0C 190°0 O01°2 89°0 80°S (/%0 [8Y0°0 68°1 ([1°0 68°v ¥.°0 |221°0 98°T 81°0 29y o0Lc0 | 10T 0e"s 1
16°0- €£60°0 8£°2 €2°0- 8€°Z 90 |6/0°0 #9°T OO0~ €€°€ 0S°0 [T10T°0 E9°1 O1°0- 92°¢ 6v°0 | 28°0 4
10°0  9/0°0 $£€°2 Gl°0- €9°2. 0v'0 |[$01°0 29°T 90°0 pEE  0S°0 |9ET°0 19°1 20°0 02°t  8¢¥°0 | 08°0 9
20°0 1S0°0 82°¢ (8°6G~ 0§°C BE'0 [¥¥0°0 S9°T +0°0 $2°t 6970 1680°0 $9°T £0°0 eIt 1y0 | LL°0 S
10°0  1/0°0 62°2 €£p°0- 0§°2 8£°0 |(S0°0 99°%T +¥.°0- 02°¢ BY'O |OTI0 #9°1 €L°0- 80°€ [v°0 } LL°0 14 €1
00°0 1v0°0 6€°2 21°0~ §9°¢ Ov°0 |0E0°0 OB'T 1S°0~ 90°t 9v°0 [690°0 6L°T 25°0- S6°C S¥°0 | vL°0 € .
10°0- £90°0 0v°C 68°0 ${°C 1v°0 [6b0°0 68°1 €2°0  06°2 +¥°0 |1€80°0 [B°1 €2°0 98°Z Ev°0 ] 2L°0 2 -
10°0  $90°0 2¥°2 #0°U 06" b0 (¥S0°0 ¥6°1 E€€°0~ 06°C¢ +v¥°0 |660°0 26°1 2£°0- 18°2 2v°0 | 0L°0  O€E°S 1 ' &
™ R4
81°0- EY1°0 #8°T 2970 29°C1 LE°Z '191°0 +#8°1 #0°0 vZ'pl 8p°C |9VI°0 8L°T 90°0 0L°PT 95°2 | ¢1°¥ L ~ n-
0p°0- $ET°0 $8°1 09°0 S§S°E1 9€°2 [891°0 LB°T 91°0 €9°21 02°2 |822°0 (L°T +#1°0 01°S1 €9°¢ | 96°¢ 9 .
0€°0- SH1°0 88°1 6v°0 BP°El G€°2 |TL1°0 68°T [2°0 EVEL vEZ 12H1°0 €8°1 4270 S6°v1 09°C | %0°¢ $ e
1€°0- €41°0 28°1 0%°0 $2°€l 0€°¢ {9L1°0 €L°1 BI°0- LO°¢1 Sv°Z [012°0 #9°1 21°0- l9°ST €72 ] S2°¢ ¥ 21 4
12°0- SOT°0 €6°1 VE°0 9L°t1 09°2 |291°0 28°1 S1°0 €9°¢1 G§°2 {2/1°0 +L°T 01°0 PE'ST (972 } 62°¢ £ 5
0y°0- €60°0 $6°T 0§°0 22°S1 S9°2 [651°0 16°1 L1°0 8S°€l 9€°2 {8S1°0 €8°1 €1°0 26°ST LL*2 | 22°¢ 4 e
E¥°0- LY1°0 86°T #v°0 $6°9T 0972 [6v2°0 LL°T 9b°0 TL°ET 6€°2 {90170 8L°T 9E°0 2£°91 +8°2 | 0€°y  09°¢ 1 Wﬁ
1
#1°0- 68070 €6°T 99°0 €H°IT 66°1 [9E2°0 29°T 8L°1 11°2l 11°2 (860°0 99°T 0L°0 0€°21 #1%¢ 1 6¥°¢C L o
02°0- 911°0 06°1 0§'0 9€°21 SI°Z |v¥2°0 €S°T 06°0 65°11 20°2 (091°0 95°1 (l°0 2521 BI2 | S¥°¢ 9 3
. 01°0- TI1°0 +6°1 8p°0 p6°I1 B0°Z {v92°0 €9°T ¢8°0 12°21 €1°2 1421°0 99°1 €L°0 P12l 11°2 | 8b°€ § . 4
J 01°0- SIT°0 86°T1 SE'0 EL°IT $0°Z |9€2°0 +¢.°T #5°0 0£°21 #1°2 [1I1°0 9L°T1 8¢°0 b2°21 £1°Z | 1S°¢ 14 62 s
N £€0°0- SIT°0 #6°1 SE°0 SL°TT $0°2 {612°0 (9°T 9€°0 [I°€T 82°2 {940°0 OL°1 €€°0 evTel 91°2 | 69°€ £ "
K 81°0- 101°0 00°2 Sp°0 9L°IT $0°2 |SIT°0 1B°1 SE°0 02°21 21°2 |S90°0 08°1 1£°0 6L°21 €2°¢ | 1§°¢C 4 o
" 61°0- 1ST°0 S6°1 8S°0 EL°T1 0°¢ [S02°0 L' (S°0 1T°21 01°2 |680°0 #L°T €5°0 28°21 gz'2 | 95°¢  09°¢ 1 Ca
. . A
; 4
; 49 (g-01x)| 440 (g-01x)| 449 (g-0tx)| (33) (29s) -on I
: LEoshe M Py e " P oy oy s " Py d %™ ST eaen  umy o]
g ST T g5 oudu gy padnsedy ’ KI03Y| SATH u0|3diing Wealis 7T T Rioay eAem Jeauy av

o
IS

. (panujjuod) 2~¢ alqel

Bl
WA




LR AN SR e |

Fiad

ANt el N

PO Y

AN R,

X,

v,

RS S

{1°o-
€1°0-
91°0-
v0°0-
S0°0-
60°0-
91°0-

v0°0-
00°0
10°0
$0°0
£0°0
£0°0-
90°0-

20°0-
10°0
20°0-
¥0°0
20°0
10°0-
¥0°0-

€2°0-
o1°o-
$2°0-
v1°0-
Lro-
900~
€20~

81°0-
91°0-
12°0-
1teo-
p1°0-
60°0~
02'0-

08°1
08°1
6L°1
9L°1
8L°1
6L°1
2Lt

£0°¢
56°1
16°1
26°1
£6°1
88°1
26°1

20°2
20°2
66°1
261
66°1
16°1
68°1

81
£8°1
16°1
98°I(
$6°1
06°1
98°1

88°1
06°1
06°1
86°1
00°2
96°1
73

€3 O —~
0 .

vmcg@ma\
< < <

. s
CoocoCcoOo

WU M ) )
)

gc\movma

~OWOw O

*QN"N-—‘
odocdo Sdodaodod ododoso

4

ONT U~
MMM Hm D
o .

(=]

$s5°0

1€°0
1€°0
SE°0
1€°0
1€°0
1%°0
06°0

Py

$J130WBu Ly paJnseay

LLeet
02°p1
88°S1
S9°SI
£8°v1
€9°61
8F°st

£0°21
£9°21
68°21
12°¢t
15°21
6121
8,°21

25°01
9011
§9°01
L1701
92°11
10°0t
€6°01

88°b1
00°S1
29°%1
£6°61
LLst
2€°S1
ve' bl

0€°€1
£0°b1
AN )
A
10°41
£6°¢1
8yl

b

ot 1

[ d
~—
. .

. « .
NN o N

TON W oy =t
O-aﬁ?;—c.-qo
.

{g-01x)
Y

JJ3
SWY

(panu(3uod)

Uy Py

2-9 a1qeq

§6°21
€Ll
89°€1
09°41
60°#1
S8°E1
£L°91

86°11
oy 11
£5°11
8s°1l
11
¥8°11
y8°11

66°6
8.°6
01°6
Sv°6
S1'6
05°6
00°0T

£l
18°61
LLst
0¢°S1
18°v1
0L°st
2p°Ss1

8L°€1
8t H1
81°%1
69°%1
62°%1
9 hl
62°¥1

A

€Ll
£8°1
£8°1
S6°1
88°1
68°1
1671

§6°1
251
$$°1
S5°1
€5°1
85°1

€e°1
1e°1
12°1
92°1
el
-
£E°1

£l°e
6£°2
8e°2
£
TN
e
£e'2

80°2

ot O\ ot
.
NN NNNN

OO~

nmln:xv
|

K103y| aAeM UD|IIUNY WIS

é8

‘T €£°0 sSU°etl

99°1 9€°0 seel

29
09
aL

‘T ¥€°0 §9°¢l
‘T 82°0 2I°el
‘T 0€°0 68°21

69°1 1%°0 et

€S

96
26

‘T 6£°0 0S°¢1

T #°0 £9°01
‘1 S§S°0 €1°01

98°1 S¥°0 £2°01

16
06
S
08

88
S6
80
66
66
06
89

14]
9%

‘T #1°0 1£°01
T 85°0 02°01
‘1T 8§°0 08701

] S0°11

‘T ¢€°0 91°6
AL s
"2 SE°0 8t°8
‘T ET0 £5°8
‘T 98°0 92°8
‘T °0 $9°8
‘T 99°0 ve°6

T LE°0 6.°v1
‘T 12° 01°s1

9l 1£°0 Se°91

L4

‘T 1£° 9£°S1T

29°T 92°0 88°¢1

13
(94

€S
£S
8t
€S
65
29
Ly

w

I 62°0 120 A
‘1 62°0 00°91

‘T 0€°0 10 b1
‘T 02°0 9€ vl
‘1 62°0 1734
T 9€°0 0Z°¥1
‘1 62°0 1 A%A!
T ¢e20 8L°El
‘T s2° £L701

7 P M

K403y daeM JeduUlq

(g-01%)
¥

69°¢

00°2

00°9

00°9

00°9

0€°S

0g°s

(29s)
seaw

N T O~ N MO — N WD O —ONM N O

N WO

"ON
aney

02

1€

1]

L1

91

-74-

o

N.

.
~n

o

-

hl\




4 21°0-
) 6170~
12°0~
4 1270~
[ £2°0~
. 2°0-

12°0-

: 6170~
: 92°0-
2 12°0-
y 01°0-
3 92°0-
. 62°0-

% 51°0-
62°0~
12°0-
g £1°0-
3 11°0-
. 81°0-
3 v2°0-

o

4 $0°0-
. £1°0-
) S-Ol
% 02°0-
1 20°0-
81°0-
22 0-

3 6¢ "0~
! 1v°0-
7 1£°0-
] SE€°0-
", §2°0-
N 6£°0-
€90~

£50°0
950°0
6v0°0
250°0
250°0
6v0°0
8%0 °0

021°0
910
L TAN]
W10
o11'0
011°0

S01°0
860°0
£ET°0
01°0
6£1°0
9110
121°0

060°0
980 °0
080°0
11t
690°0
¥90°0
€90°0

860 °0
801°0
280°0
9.0°0
£01°0
060°0
L60°0

J43
SWY

« o

2288858

¥8°1

t

WO WY < D D 8
dooodocs o

~ -t W O™

Py

SRL8888
mmmm’mmm

$s°11
veT1l
28°01
86°01
64701
$5°01

92°¢t1
$9°61
20°S1
16741
€6°¢1
1783
69°€l

09°51
11°91
08°91
1Ll
£L°91
¥9°s1
99°S1

28°%1
e
81°1
£6°¢1
£9°El
0P vl
Lyel

b

$I130aL Y paJnseay

(sl
%91
$9°1
i
§9°1
§9°1
29°1

vt O D) O U P~
Delue B it R as Hagd
.

H
NANNNNNN NNAUNNNN NN

3%
MM N DD WU WO ™ -
.

NN Mar OO ON~SO M~

$9°2
§9°2
eL°e
0L°2
8L°C
99°¢
65°2

(4-01%)
y

1971 [290°0 68°T ¥9°0 1%

29t les0'0 ¢8°1 65°0  11°S

29°1 | 1500 88°1 610  21°G

09°1 |050°0 £8°T 99°0  €£°S

69°1 |050°0 16°T 99°0  91°G

8.1 |8¥0°0 96°T 0S°0  91°S

29°1 (0S0°0 #6°T 8v°0  10°S

05°2 | 680°0 £L°1 110 v6°01
sv°2 | ¥80°0 €8°1 SI'0  $8°01
ve'z |€60°0 88°1 91°0  66°01
872 | 160°0 #2°1 00%0- b°11
pE'z |880°0 £8°1 00°0  $.°01
82°2 |S60°0 08°1 910  69°01
1€z |uto eov zto-  stwt
202 [6£1°0 98°1 020  £9°€1
19°2 |891°0 16°1 €1°0  €£9°¢1
09°z | ££1°0 S8°1 £0°0- 8E'9T
Zv°2 |211°0 6L°1 80°0  6L°%1
6€°2 |€£1°0 28°1 S0°0  b°1
86z [102°0 2L°1 69°0  69°%1
9e°2 |261°0 99°T 91D  Sp°S1
pp°2 |921°0 89°1 120  61°91
v6°2 |521°0 69°1 220  £0°91
65°2 [1ET°0 §8°1 1€°0  89°%1
€672 [ET1°0 €£°T €2°0  98°St
9tz 12500 29°1 1€°0  #9°SI
[£°2 1690°0 £9°1 9€°0  62°S1
28°2 |10 1ttt 9t seten
08°2 |251°0 £9°1 10  66°¢1
00°2 {96T°0 S9°T L0  9C°#l
99°2 |811°0 #9°1 §9°0  (2°%1
95°2 |8p1°0 29°1 910  89°Bl
SL°2 |2¥T°0 ¥S°1 260 90°b1
(5°2 1%01°0 2L°T 89°0  0.°€1

Am.chv JJ43
¥ [swe Y3 P X
TKi0ay eAEN UO}IdUny wEISIS

(panuijuod) z-g dqey

0.0°0 6./°1 85°0
8L0°0 LL°1 £5°0
890°0 8L°T 1.°0
890°0 LL°1 65°0
100 18°1 2¢°0
£€90°0 98°1 S¢°0
£90°0 S8°T #¥°0
£61°0 T19°1 60°0
161°0 G9°T #1°0
S02°0 69°1 ¢1°0
L61°0 (S°T 20°0
£02°0 69°1 10°0
$91°0 99°1 €1°0
281°0 99°T 81°0-
191°0 £L£°T 1270
081°0 28°T #1'0
£21°0 08°1 00°0-
012°0 S9°1 80°0
291°0 9L°T (0°0
I11°0 89°1 €40
TIE°0 Ip°1 (170
91€°0 11 92°0
$0E°0 'l 12°0
S12°0 €9°1 €€7°0
§92°0 2S°1 22°0
122°0 S¥°'1 (270
0s2°0 €¢°1 6270
191°0 SS°1 2970
{(S1°0 1S°1 6S°0
€S1°0 0S°1 29°0
091°C 8y°1 €S°0
691°0 S¢¥°1 $9°0
161°0 0%°1 2L°0
191°0 #S°T S5°0
JJo

SHY s Py

1£°s  04°1
£6°S  1L°1
2SS L1
9°s  $8°1
S5°S  8L°1
€6°s  LL°1
'S wLY
10°2t 09°Z
v°2l 6972
22'21 v97e
68°11 5°2
L2y 99°2
€21 6972
chel 15°2
80°51 29°2
SPPT 25°2
StpT 1572
29°91 6572
¥6°%1 09°2
§9°61 2(°2
91°S1 0€£°2
2L°51 8E°2
02°S1 1£°2
20°ST 82°2
e L1°2
£9°S1 8€°2
£L°ST 6£°2
1£°91 01°¢
£5°91 €1°¢
91°9T 90°¢
6£°91 O1°¢
16°ST 20°E
15°91 21°¢
°91T 01°¢

(g-01%)
b Y

Ajoay[ aaeN Jesuil

QOUVNer~
e A K Eul
[

s

*

R N g
n~~~o~8
.
Terr T St wST

¢ o

I3

=D O o N O
QW 00~
.

K
@
. 3
ST MmO m

o~
(-]

) )~
- K- R
i 4

e6°Y
8t

(33)

wcﬂ—f

0s°2

oLt

09°%

0g°s

0ct

(o9s)
seau

—_ N TN NN O - MO~ O W\

—~ O Y O

-op
anen

S¢

¥

€

ce

12

uny




"PAROY JACM DU paRMOY YoBDQ dYy) woay mo[i v Furiedrpur ‘oarzedou Arisow s1 3t eyl

: PI0N  Coaem aepnorjaed v 3uranp A3150[9A [R3IUOZIIOY PIINSHOM oYyl jo anjea adeuoar oy S1 N x
€61 L1°0 SLE°0 €L°1 ¢20°0 298 6E°T {I¥§°0 G2°1 2¢°1- OU°f v1°T |619°0 80°T (I'1- 2£°9 80°T | 19°1 86"t S
S ST 02°0- 961°0 €1°2 09°0 88°9 O0S°T |9¢1°0 G681 ¢€€°0 9€°( 19°1 {202°0 ¢®L°1 1g°0 0°8 LL°1] 6872 99°¢ 4
€ Gl 22°0 691°0 81°2 €£°0 69°8 18°T |981°0C 69°1 80°0- #2°8 2L°T |8¥2°0 LS°T O1°0- 86°L 99°T | 99°2 ve't € 123
2 11 02°0- €60°0 £2°¢ 6€°0 S¥°9 L2°U {LIT1°0 (8°1 #0°0- 66°9 LE°T |¥61°0 6L°1 20°0- 19°L 6¥°1 | #E°2 80 "¢ 4
L $1°0 8120 91°2 €0°0 I°L HE°T |122°0 +#9°1 1£°0- 0679 O0€°T |S22°0 29°T 22°0- 29°9 ¢2°U | 96°1 9z 1
9 61 1v°0- 8II°0C 68°0 $2°0 9v't ¥9°2 |€BI°0 98°0 09°0- 82°C 0S§°2 [102°0 €8°0 GS°0- ¢€v°€E 29°Z2 | 68°2 25°¢ S
2 €T S0°0- €110 S6°1T 1.°0 686 99°T |22%°0 10°0 6S°Y S0°TT (8°T |EL¥°0 92°0 69°1 29°0T 6L°T | 66°2 | 788 14
26 1€°0- 961°0 9L°T 1S°0 +¥0°S 09°1 |G62°0 ¢22°I 88°1- $6°¢ LS°1 |EIE°0 91°1 2L°1- 02°S S9°1 | (6°2 28°¢ € r4%
9, 1€°0- 961°0 ¢0°2 €8°0 SL°I1 6%°C {902°0 +¢L°T ¢E°1 91°6 v6°1 |v61°0 GS9°1 ¢2°1 P01 12°¢ | 0§°¢ 8L°¢ 4
PSS 0 ¥BOCO P81 9E°0 9¢°8  EPT1 |SE2TO0 LT 1070 65°'8 L¥'T |292°0 ¢9°1 01°0 81’8 OP°1 ] S6°1 89t 7
LR
A D
o
Ml
9
S9ADM WOpURY .
[Ne)
™
1
91°0~ 2L0°0 (8°1 91°0 82°ST ¢+0°2 [801°0 €0°2 O0¢€°0 80°€T SL°T {952¢°0 98°1 62°0 SlEl SL°1 ) 0L°2 L
80°0- 1L0°0 ¢L°1 61°0 88°G1 21°2 |221°0 06°t 22°0 SE°ET 8L°1 [£92°0 2L°1 +$2°0 0§21 (9°T | (9°¢2 9
60°0- £L0°0 08°1 62°0 EP°ST 90°¢ [L¥1°0 96°T 02°0 9€°€T 8L°1 |882°0 9L°T 92°0 2921 89°1 | 89°2 S
00°0 2/0°0 08°T 1£°0 (9°S1 60°¢ [821°0 (8°1 ¢€2°0 1S°¢1 v6°1 [6{2°0 69°1T 82°0 69°21 69°1 | 08°2 4 92
10°0- €80°0 9L°T 1p°0 61°91 91°2 JIET1°0 6L°1 2S°0 9€°pl 26°T [ SG2°1T 29°1 £5°0 89°21 69°1 | 8L°¢ €
£0°0- $80°0 €L°T (b°0 92°¢1 O06°T [160°0 €/°1 1S°0 (p°pT E€6°1 | G22°0 09°1 6p°0 T1€°€l BL°1 | 98°2 Z
€1°0- 60T°0 9L°T 9%°0 99°v1 96°1 {SS0°0 ¢9°T 99°0 16°¢1 66°1 |102°0 #S°T (S0 9e*vT 26°T | 10°¢ 00°9 1
449 (g-01x)| 440 (g-0Tx)} Ju3 (g-01x)} (33) (93s)  -oN
SEoosw Y Py v s Y Py ¥ d s Y5 P ¥ o 5 ST anen  umy
- soidewalily paJanseay T Kioay 9ABM u013DUNY WeIJIS KJoayl aaeM Jeauy

\PANULAUG .

PAd 151




T
.
Fw
£
7
1 *
_u (1861 ‘vosoees) pue efeyddes) aqny-n
‘ (v261 ° 1P 39 *120spry) 11 3daf0ug aren « 14N
S sdsenbs 35091 - DS 310N
3
o 'z o1 16°S  08't  SI°T €6'0 6'v | ov'E £ 29°¢ gz o0zt t°5 | 28°v €97 60°8 19°S  25°2  9Z°1 8% | 80 e t
| T2 60T 98°S  I8°C (9°T $6°0 0°5 | #¥°C §9°S  #9°F €6z 1271 ¥°S | 25°» O0F'Z BIB IS°S  69°2 IeTl L% | 68°0 1e€ 9
L ¥S°E  19°T 19°9 &'y 80°Z g0°t 1°s | €9°¢ EI'L 20 W'z 621 §°6 | SEv 02°Z 60°8 'S 162 'l 9°v | 98°0 ve's S
, $9°Z  69°L S9°9 1B°C 6671 00°l £°» | 89°¢ 99°9  6S°F E8°Z 261 0°S | Zzy 91z 128 [2°S 662 EE'l E°S | 16°0 s202f 21t S°2 ¢ s
s 69°€  LL°T 9°9 9y S2°2 M0l 25 | 00°y €6°9  69°y 26°Z EI°1 9°S | SO°v 62°2 8I'8 (9°5 19°2 [z°l 6y | s8°0 et £
5 €°C 61 U ¥0°'S 06T 6D 1°S ) 28°¢ 66°9  S6°» £6°T S6°0 ¥°5 | 60° (€72 98°L (LS ¥2'z 80l 0°'s | e8°0 92°¢ z
: Sl 89°0 62°9 EL° Sl 89°0 0°S | ¥I°C ®'9 69y €9°1 280 £°S 60°C 61°Z Byl 95°S 10°Z s6'0 B | $8°0 v2e 1
) 110 8t°0 ¥t 19°2 090 (1% 8°2 | 18°0 136 (572 080 220 872 10°2 0v'1 25°% 1E£°¢  €€0 w0 (2| 160 68°1 L
9 80°1  15°0 2Lt 99°2 1E°0 10 @72 | (11 S9°€  €9°2 0 020 6°2 | OL°T 62°l ¢y ¥t 120 o010 2 | esv0 68°1 9
q £0°T 6§D SL°€  0l°2 (20 #1'0 82 | ort 89°¢ 1977 OyD 10 8°2 | 9L°1 2T 9y OCt  B1'0 01D 6°2 | $8°0 88°1 $
q 8/°0 9£°0 B8°E 9972 €0°0 20 872 | 2970 8L 19°Z (£°0 22°0 6°2 | €9°1 2T Uy I€°€  29°0 LU0 O0°C | 16°0 S2026 8T S°2 9 )
f 6(°0 1¥°0 20°y 0L°Z 95'D 920 8°2 | ol ¥6°C  99°Z 190 220 6°C | £9°1 0Z°T @9°F 62 660 02°0 L'Z | ¥6°0 8°1 £
. $1°0  {£°0 SS°¢  §5°2 620 10 82 | o gt 1572 S9°0 02°0 8°2 {°V S6°0 {Z°v Wt 2270 010 [°2 ] 16 98°1 2
. 91°1 55°0 §S°€ 19°2 €0 (10 872 | 02t E  8S°Z 690 #2°0 672 { ELC1 60°1 BIE 92y 190 (10 €2 | 80 88°1 1
Ja
A 160 020 2 o't 010 000 971 | 620 E1°2 9T €10 00°0 91 2°1 B0 9572 18°1  95°0 26°0 9°1 | 96° 101 i
, 26°0 020 €1°2 't 010 00°0 9°T | t€°0 2 T 110 00%. 9°1 (U €0 9572 L1 15°0 0€'0 9°T | 60 66°0 9
Y 000 #°0 91°2 ¥t %0 010 9°1 { 0L0 91°2  ¥§°1 910 010 9°I 0°1T 00 6572 L°1 20 820 9°1 ) 26° 00°1 s
s 120 ¥1°0 OI°Z 01 91°0 OT'0 §°TU | 9270 60°2 O¥'T BI0 010 9°1 21"l 890 25°2 SL°T  OY0 820 (1 | 160 s202¢ 10°1 S$°2 ¢ £
] 820 170 2172 se't st o010 81 | 20 1°2 w1 20 00°0 9°% SI"T €90 [9°2 SI°T S¥°0 820 9°t | €6°0 10°1 3
090 %0 21°2 &1 ¥1°0 000 9°t | 09%0 212 BT 910 o010 9°1 2600 650 Y2 69°T BE0 ¥20 9°1 | 20°1 66°0 ]
2 W0 220 ¥E'2  6¥1 62°0 10 91 | 20 02°0 €£€°27 YT 620 10 9°1 92°1 9°0 6L°2 68°1 1v0 92°0 Lt | 160 "1 1
4 10°0 00°0 2/°0 6¥0 200 000 ¥°0 J £0°0 00°0 2L°C 6¥°0 20°0 00°0 ¥°0 | 29°0 ({£0 SO L0 620 {10 ¥°0 $t°0 { '
b 0°0 000 2°0 60 €0°0 00°0 ¥°0 | £0°0 000 2(°0 6¥0 €0°0 00°0 9°0 65°0 96°0 €0°L 040 92°0 (10 +°0 $t°0 9 ~
£ £0°0 00°0 Z['0 6¥0 20°0 00C »0 | £6°0 00°0 2(0 6¥°0 20°0 0070 0 19°0 €0 SO°1 1.0 620 ({10 S°0 $t°0 s ~
. 12°0 010 S/°0 050 60°0 00°0 ¥°0 | 120 OU'0 ¥0 050 600 000 ¥°0 99°0 00°0 60°T EL0 6270 (10 #°0 90 02 ¥ ) !
)", 90°0 00°D 0L0 0S°0 20°0 00°0 %0 | S0°0 00°0 0[°0 0S'0 2070 00°0 ¥°0 | ¥9°0 9€°0 SO 69°0 €E0 {10 £°0 $t°0 €
. 600 00°0 1{0 80 S0°0 0000 %0 | 6070 00°C 10 8r0 SO0 00°0 $°0 | 29°0 (€0 #0°T OL0 620 (IC #°0 9t°0 2
5 £1°0  00°0 6{°0 15°0 [0°0 00°0 %0 } €1°0 000 60 1§50 0°0 00°0 ¥°0 99°0 100 2T°T S{°0  82°0 L1 0 9t°0 1
7 W0 020 81° S¥1 €20 010 1 |ovo 020 8IZ S¥U 220 ot'0 11 62°1  SL°0  LL°2 ¥8°1  69°0 S¥°0 27 $0°1 t
. “18°0 WU'0 2072 e¥°l S2°0 OT°0 I°1 [ I€E0  #1°0 212 E¥T 420 O1°0 11 62°1 SI0 "2 ¥8°1  69°0 §¥0 27 90°1 9
: 92'0 10 ®°2 w1 810 o0 1t Jero o ez 't er0 o0 tl @°1 EL°0 22 WY £L0 S¥0 271 901 s
86°0 220 60°2 2¢°1 160 #1°0 2°1 | e 2200 11°z 19°%0 620 10 2°0 1 CLD 9872 28°1  9L°0 990 1°1 | SO°U 26000 90T 0°2 ¥ 1
960 10 zt'2 syl €20 ot0 1 lsco  f10 212 sS40 12°0 OO0 TV €1 00 S£°2 081 10 290 2°1 | se%0 Y0°1 £
29°0  LE°0 (0°2 Oyl §2°0 10 U 2970 IE°0 0°2 Ov'T §2°0 1D 1T | SECT wL0 €9°2 6L°1  16%0 1s0 2°t ] 10°t "1 ]
86°0  20°0 29°2 w1 20 €0 €1 | SEC1 18°0 09°2  wl'T 69°0 9t'0 €1 £9°T  #0°1 (1°t 12°2 8% 2€°0 €£°1 | 90°% 811 1
(sa1) (sa1) (sa1) (sa1) (sq) (sqy) (sa1) (sa1) (sat) (sa1) (sa1) (squ) (sar) (sa1) (sa1) (sau) (sqy) (sai) (33) (des) <oy  -oN
| bevw]  swe favw]  swe Jove]  sw xvw] s Jxvw| sww  Jxvw] sw Jxvw)  swu  Jxve]  swe Jxvw] sw ¥ s 0 H 1 s umy
e e w1 1 smn  ppam bs1 aqn 0 114N 51
3 e Kioayl UO}IOUNY WERJYS J Kiosy sawn Jesupy $O130Wau |y paJnsewy
, xeu
(sxequmu sprouioy 103 Z-¢ pue T-§¢ S9Tqel ’painseau d X03 p-¢ 9Tqel 99S)
 §
m.. SOAUM WOPURJ |RTPJAIPUS QT PUR SSARM D1pOjJad 92 JO) $J0JJ3 SWY PUe WnmIX®y jJo Limwwrs ¢-¢ 91qe)
.
ﬁ..
g
g
r.-




g .
g
0
. RET 690 ¥9°L 90T v6°0  B¥°0 9°p | 201 (50 19°T  00°1 69°0 0£°0 6% S0°1  0p°0 971 62°1 §9°0 O0E0 S°v | 65°0 0t°1 l
871 (L0 21 660 0T /S0 9% | Ov'l  S90 ST 06°0 2.0 Ob0 8°F 20°1  Sp°D 90°Z 821 OL0 9£°0 v | 99°0 £yl 9
‘ 1"l 6970 (ST 8670 1,0 9€0 S°H | €071 8970 81 (670 950 0OC0 I°S 60°1 640 281 IE°T 150 t2°0 S°'v | 09°0 Lol 5
. 1e°1 9870 0S°T  20°U ¢80 9v°0 L' | 20°V (50 1Sl 96°0 €90 Of£0 6°v B0l 0G0 00°Z 6E°1  §5°0 22°0 S°v | v0 SO/T €p1 9p b o1
: gv'l 00 90°2 9l 970 SE'0 6°% | 22t 990 68°1  #v1  €¥°D 6270 6°% | 00°1 (5D €£2°Z €5°1  6E°0 22°0 8% | 85D 9" t
81"l (S0 €0°Z 91 8BS0 (£°0 8'v | v6'0  [p°0 08T €CT ¥E0 020 8% | €01 290 61°2 8S'T OE0 (10 B8y | 85°0 8E°1 Z
p0°l  16°0 00°Z  82°l £9°0 1v°0 8°p | ¥9°0 €€ 21 22'l (20 ¢v10 8% £0°1 890 22°2 $9°T  #2°0 v1°0 9% | 5°0 w1 1
10°T (570 6v°0 220 820 #1%0 1°2 { 260 (50 Ov0 0270 120 OI0 £°Z | Ov0 (10 €8°0 IS0 ¥E'® {10 0°2 | SS°C 69°C L
' 19°0  SE°0 09°0 90 £2°0 OL'0 ¥°Z | 85°0  SE°0 090  9E°0 €2°0 010 b°2 66°0 22°0 68°0 850 6£°0 020 £°Z | 99°0 1970 9
. 80°1 2970 80°1 (970 020 #1°0 S°Z | 6670 29°0 90°1  99°0 €I'0 010 272 6£°0 0270 98°0 85°0 62°0 10 v°Z | 19°0 990 s
. $8°0 160 0°1 10 82°0 #1°0 9°2 | 8.0 050 10°1 U0 610 010 2 £6°0  92°0 660 99°0 OE'0 10 ®°2 | 0S°0 SObLI 090 9v b 6
650 9670 180 250 620 #I°0 8°2 | S50 9£°0 ¥8°0 25°0 220 010 12 £5°0 0£°0 60°1 690 620 10 [°Z | 29°0 09°0 £
£2°0 L1°0 06°0  £5°0 22°0  1°0 {2 | 0E0 {10 [8°0 €570 €2°0 410 2°2 §9°0  §€°0 I2°l 2L0  S¥0 220 9°Z | 29°0 29°0 z
£4°0 02°0 §8°G (50 910 QI S°Z | €v°0 22°0 (80 850 120 410 172 8L°0 (E°1 S2°1 24°0 IS0 820 v°2 | 9570 0970 1
989 SE L€l €°L 2ty 1671 9°IE| §9°T1 ey 65T 09°8 6L°L 20y 0°21{ 96°S 62°t 9ET2T IST9  #€°9 6572 €711 | 1870 oy°y l
. 0°9 862 16721 8°9 S5°t  §9°1 €°T1| OI°T1 20°¢ /vl (1°8 (L°9 €8°C €°21 | ©9° §L°2 68°IL [6°S #8°v 82°2 81| 99°0 vy 9
. 90°r  95°€ V€1 2574 6U°€  [S°1 6°N1| 62°T1 82°§ #E€°ST 2L°8 02°9 L€ 1°21 | 95°9 9£°2 2¥°EL €°S  99°C 8L°T 9°11| 2v°0 £y s
. 109 LvCE 6S°El  GbTL  €£2°C  6E1 9°T1| 26°S  8L°t 2L°ST £L°8 Eb'9 et B'UL | S¢S 0€TZ  68°T1 88°S  91°C  S9°U UTIT| 10 66912 v’y L€ b 8 (82)
N p2'9 2672 PIEl 069 99°7 2p°l 9°01| 90°DT #6y (6°W] 92°8 88°S 29°C S°2I )] 80°v OI°Z 60V SIS SE°E  E6°T 2°01] £SO 0s°y £
) Sv'y 8072 16701 26°S vS°2 0¥l [°OV| L1'8  68°C €9°21 60°L 00°S 90°C ¥°21 | 06°C L6V (66 95°v [B°C 28°'1 €£°01 | v§°0 vy z
. 0% 69°1 62°01 §9°§ 0€2 SI'1 £'0U| 2v'¢  2v°t 26°11 89°9 08'v €62 €21 | SE'¥ €2°2 20°8 €8°v  [v°€ (8°1 0°0T| 650 €6y 1
. 62t 291 [0°9  eT°E  99°T 00°1 §°9 | OL°C 60°Z 82°9 0E'C OEZ v5°1 17 £0°€ 521 €0°S €It OP'T 08B0 29 | 2¢% 1972 L
", 0§°z  81° SIS 8"z 06T 90°1 9'9 | 89"z  §9°1 €5°S  68°2 {p2 €5°1 99 | 882 021 E9°S (I'f +9°1 88°0 9 | £9%0 8r°2 9
01°¢ 02°1 2€°S £9°2 69°T 80 9°9 | 06'2 6/°1 1SS £8°2 1877 Iv°1 £°f $4°2 9I°T 20°S 26 0Pl 69°0 £°9 | 9°0 9172 s
! L6t 10°1 82°b vz (8°1  w6°0 v°9 | SI°E  99°L 2y 292 S0'E  09°U [°9 88°z 92°1 66°S 9E°€ ST 1°0 2°9 | (90 6€91z §v°2 Lt b i
. L0 §8°0 E€°F  9/°2 OvTl LL0 S°9 | S27Z 8Pl vy 26°2 85°Z 2¥°L 8°9 | $p2 ST 10°S 92°f  1°T 8BS0 €°9 | 29% Sv°2 £
p8°T (80 29°F  90°C €60 [p°0 §°9 | 927  9€°1 [0°S  LI'f 1I°Z  #TT 9°9 | SE'Z €€l (6°v O0S°E  SL°0 /80 €9 | ¢9%0 ve°2 2
’ £0°1 150 8p'C  €5°Z (L0 (v0 99 | £0°Z  00°1 L€ 19°2 68°T 00°1 9°9 80°2 (I°1 €b'v SE°E  TL0 9E0 €79 { 59°0 6€°2 1
f 26°0 (10 01 90°T  S2°0 pICD §°2 | SvO 920 82°1  [0°L BE0 92D §°2 2v°0  B2°0  SL°T 61T EI'D 0070 $°2 | 69°0 $6°0 L
: 29°0  9£0 £8°T 61l 2€0  [1°0 9°2 | 80 2v°0 (6°T 021 6%°0 820 S°2 | 0S0 SE'0 +8°l 92°I  80°0 00°0 S°Z | £9°0 56°0 9
! 29°0  9t'0 €8°1  22°1 6E0 0270 92 | 69°0  1v°0 06°1  #2°1 €5°0 OE°0 S°2 | 080 10 28°1 62°l €10 010 §°2 | 99°0 6°0 S
. L0 t'D 28°1 1271 820 P10 972 | €80 80 2671 221 €YD #20 §°2 8v°0 9£°0 9L°1 €2'l 110 00°0 §°2 | 10 6€912 v6%0 ('€t 9
', §€°0  0z°0 1S°0  2I°7 210 0070 §°2 | Ip0 220 95°1 2l [2°0 10 9°2 $9'0  6E°0 LL°T #2°T  1€°0 020 2 | 69°0 $6°0 €
. 15°c  0€'0 6.1 02°T 810 010 0°€ | 660 82°0 2L°1 61°T 91°0 01°0 872 91°T  §5°0 SL°2 T  84°0 0€0 872 | d7°0 6°0 H
R €20 I'0 $§°1 60°T BI'0 00°0 S°2 | 90 020 SS'T  60°1 S0 410 w72 9,0 ¥9°0 8L 921 (0 02°0 S°2 | 29°0 £6°0 1
. (sqt) (sqay) (say) (sa1) (sal) (say) (sat) (sa1) (sat) (sa1) (sat) {sai) (sa1) (sat) (sa1) (sat) (sa1) (sai1) (33) (o8s) oy oy
' vt swy Juwwl  swy Jrwe]  swe fxvul swy  |xvw]  swy fxvw]  swy Jxww| swy  |xvw|] swy  fxww| swy x v ¢ W1 asem uny
. aan, -n 11dm 051 3gnL -n 11dM b1 agng -n 1144 81
’, , A403y UOLIdUN WRBIIS Ki0ayt aren Jeauyl $213PWaU 1Y pasnseay

{panuL3uod) ¢-g ajqey




AL St i oy

L ot

s . TSV

Al i

eSS OSSR b S

e~y

‘-

Al A AN

i il g, W &

~ e

htafh g2

19°7 60°1 16y 2 2e2
§'Z 80T 266 {52 0072
Y02 160 8y Y02 L
88°1  ¥0°1 92°s 1972 89°1
T S0°1 85 99°2  69°1
91’z $6°0 02°S $9°2 9I'l
10°c L1 @9 02t eIy
96°0 S50 T 160 9270
£0°1  €9°0 €S°1 S8°0 (£°0
€'t 99°0 SL'T  S0°1  85°0
S0 20 12°t 980 S¥°0
290 SC°0 62°1  68°0 990
£6°0 €E°0 ¥C'T B0 8270
€8°0 200 @'l  §6°0 6C°0
£L°0 M0 S8°0 640  0£°0
88°0 W0 €8°0  9¥°0 590
$S°0  SE'0 120 10 SI°0
90 0 90°1 IS0 S2°0
¥S°0 260 60°0 950 £1°0
0 L10 Y0 050 9270
90 220 96°0 (50 61°0
98°9 69t 0S'E  SZ°L WY
s 28°Z Ot'o1 829 e
BI°§  ¥L°2 ¥8°6  90°9 8¢
61°8  ¥6°% SL°V1 95°8  §8°)
26°S 1Lt 666 ¥6'9 20§
s 82°¢ 02°01 #6°9 90°Y
02'9  9£°f BL'6  98°5 0§°9
18°y WL 6§°5  SC'E 86°Y
99°§  S0°t ¥5°S 6672 #E'S
15°S  68°2 €©°9 £°E  19°§
1s°S 2972 €89 G2y @€S°S
89° L2 648 98Y LY
£6°C (22 88°L 8Ly 8¢
96°C "2 91°L 60"y 00°Y
(sa1) (sa1) (sq1) (sat) (sqi)
Ievi}  swy  |xww]  sw |xvw|
aqnL-n 1148

§8°0

_bs

.
O ot b gt ot =
e e e e R R

'3

.

» s o s o .
~ - NN ™ o W DD AD W

WN AR~ NNM™m ARONMINM AOVOONATO
»

b ]

wy 12
2’y e
"My 2671
€8¢ 2172
65°t 1072
$2°t  16°1
92'y  s2°2
251 8.0
02°1 €0
oyt 180
't 1970
00°T  95°0
98" 5°0
0°T 19
o 9o
10°1 690
99°0  6£°0
8L°0 15D
£9°0  SE°0
wo 220
€50 o0c'e
ey 8t
8’9 19°¢
6y EL'2
88°6  £5°§
£6°9  G6°C
W9 9t
86°c 661
0z'z %l
26°c €172
96°2 91
9z 2t
YWz o
w2 sl
St £0°V
(sal) (sa1)
|xvn]  swy
aqnL -

or’s €672 S6°¢C
s 2t 29t
%y 65°Z €
i$s e 2t
0°s 80t ¥
£6°S 90t €672
§8°S  S9°¢ 9672
1 2001 0271
91 680 18°0
1072 €11 16%0
BT €60 66°0
15°1  96°0 ¥6°0
29°1  26°0 UL
€' W0°T €80
¥6°0 050 S$¥°0
¥8°0 60 85°0
€8°0 29°0 €C°0
yI'T 650 59°0
060 {50 0£°0
280 250 190
0°1 090 S€°0
FARCI 1 LV R VA 4
£€9°11  (1°L  80°S
§2°01 €9°9 €9°€
LSt 196 99°S
95°El  €6°L S8°%
LS (870 SE°Y
10°11 61°9  00°t
16y 96°2  69°2
06°s 89°Z 22°¢
s 6T Mt
$9°9 80 §9°2
%L Wy 072
62°L 06 L1
6€°9  26°t  89°t
(sa1) (sa1) (sal)
Jxvw] sy jaww)
1140
Asoay aaem Jeaw}q

§°0t1
$°01
9°01

NOON
2 e o o
CE-X-2-)
. e =

r3

GOO--:N” OO OND
. e )
NN"F;ﬂﬂﬁ LA A 2N 111

982 42°1
20°¢ sl
07 ¥t
19°2  60°1
9z 02°1
£6°1 960
€'z vl
9’1 850
&1 15°0
1 £9°0
62°1 S0
8.0 9t°0
650 92°0
85°0 820
%0 €0
o 20
£5°0 920
9% 820
°0 820
£9°0 0€°0
£9°0 0£°0
0y €0°2
60°¢ €51
0°C 661
61'r 02
£9°€  01°2
0°c  29°%
65y  LE°2
Wz st
;52 8t
0°c  se°t
18°¢  28°1
98°c  SL°1
02t €9°1
92t 68°t
(sa1) (sal)
Ixvn)  swe
aqng

(panujaued) ¢-g a1qey

82°2
69°2
£6°2
99°2
§9°2
0t
8y e

(sa1) (squ)

£°s 6972
98°s ¥(°2
$0°s 95°2
s 99°2
92°s 28°2
660 25°2
5y e
16°1 4171
69°1 $0°1
912 12°1
99°1 11
21 601
£5°1 00°1
69°T 10°1
60°1 10
0°1 69°0
16°0 9970
20°1 99°0
66°0 69°0
s1I°1 0L
01 oue
$0°8 14y
(€6 Y
16°8 90°§
o°01 ¥E°§
0°6 65
'8 0LS
£L°6 1L°§
s 9t
¥y 16°¢
96°9 ¥6°¢C
10°8 09°%
81°8 €9y
99°9 10y
09"t 0y
(sq1)

Jxwn)  swy

1140

Jxvw)

Ts3)3mmeuy pasnseay

220
92°0

0z°0

et
't
(squ)
Sy
%81

€6l

1ot

-t PN D NN
L IR
WU AN WD @

¢ ¢ s e

e o o v 8 & o
LA i e e Los B e ] NNNNNNN

NNDNOOD AP O WD O e
.

o~ wew
* o v o ®
Lo kak Kol
ot s gt

-1l
ru

o
0%°0

€50

901s1

0151

90161

ort

Sort

" e s e
NNNNNNNN

2JILL X9R83B
:

€°s

9y

(des)

1

_NMR OO~ AN WD

- NP WD~

0NN D~

‘oN
(YY)

—“NTY RN O~

st
ol
'\I
1]
131 d
o
' o)
[=2] “y
7 [ ]
2z ' o
&
L
N
u (e2) .
o
uny

...
by
b)

. P
2
>
.

A .t

- -
S

ASRN




F " O
-
F-
W-
'
-
T-
b
r._ §2°¢ STl 0t°S 12°¢ (€72 0°¢l | 1070 26°2 Sv°9 I8¢ 00°% E¥2 2761 BP'E ¥l 6L°L AUE S0°2 8°£1 69°2 L
b Sv°2 (€°1 20°6 €1 6572 €1 T1°6 v8°2 1L 16°€ 1S°¥  LL72 t°fl §9'1 160 (8°S 80°t  92°1 2l 6L°2 9
2 FASE AR ] &l B 1 0+ Q¢ €272 €0 80°S  (8°C 227t €0°v BU'¢ lL°2 (€l 20T 8L°0 £0°¢ 22°t ¥6°0 6°s1 18°2 S
| gy'Z  8S'l 0L°9  65°C 822 9'v1 | L1°s  ¥6°2 18°L  12°%  BIP  LLZ 1°€X £9°1 2870 6L°9 Ut 0f°1 L°sl PoEEl 6872 v 02
0§°2 851 (679  vS°t 022 Tl | 66°F  65°2 60°8  $6°C LEb 9v°Z 6°21 v9°1  §L°0 00°9 €0°f 2l 8 vl 8,72 £
b, 21'2 60°l 25¢ SRTZ €971 6°€l | 95°v  S5°2 9§°9  (9°€ 68°E 15°¢ 1°El 65°1 99°0 25°¢ 2t 1t 9°G1 872 2
' 22 10°1 v0°s €1'e 2671 vty LUy 8etz 2609 18° 1Lt 122 §Tht 81°Z (80 §9°¢ It Ob°1 §°61 00°¢ 1
22'z v0°L ol 8vZ g2°1 9°11 | 8v°¢  08'L Ov’S 18°2 6472 UL°T [°OT | €¢°2 00°T /S°G ¢0°€ 09°1 g-21 1€°2 I4
$8°1 £6°0 £9°¢  €£2°2 S0°1 prYL| ¥0TE BT 0TS 8§72 2Lt w1 1°0% €51 98°0 82°S §§°2 12°1 921 €22 9
65°1  08°0 (L€ yZtz (11 S* 11 ] 86°2  (L°1 (0°S %972 §8°Z SL°T 2°01 S§°T L0 8IS [vZ  §9°0 6°21 §2°Z S
s1°2 1£°1 98°%  v8'Z  Eb°l 911 | (6°¢ S0°Z 809  #1°t V16°Z +¢8°1 €01 19°T €80 1¢°S €L°2  (9°0 '€l PPEET 2272 v 6t (1¢)
$6°1 860 €v't  81°Z "1 STIT| 10°¢  SL°T 65"  8v°2 §82 2L°1T 2°01 62°1 69°0 2§ 272 vl 521 1272 £
12°1 65°0 Ovt  26'1 $8°0 811 ) 572 ($°1 S6°€  g€€°2 1§°2 (S'1 8701 11°1 280 €Lt (02 (L0 275l SE°2 2
vyl 990 SE%  SE°Z  26°0 811 | €472  €9°1 §9°¢ €£°2 2672 8S°T T1°t1 | oO¢°t €9°0 00°% 22°2 28°0 g2l 1£°2 1
§§°1  #8°0 1§°¢ €0z St 0°0T | 9v°2  0€°1 (8¢ 61°Z GE"Z ¥2°1 2°6 62°2 #I°1  €£5°p 8€°2  61°1 s°0t 00°2 3
29°l  GL0 (8°Z 68°1 L6°0 8°6 | (22 121 €0y €02 061 LI'T 8°8 1Z°1 86°0 60°% ¥2°2 1271 rn £6°1 9
9p°1 18°0 £6°2  96°1 €£8°0 "6 | 26° €0°1 SS°€  €0°Z 6v°1 (B0 '8 09°T 210 +I't 1072 68°0 Lot £8°1 S
£€5°1 (870 £2°¢ S0°CZ 28°0 §°6 | €2°2 80°T ¥6°¢ 11°2 91 §8°0 §°8 {1'T 19°0  $2°t 68°0  §9°0 2°01 pYEET  ¢B°1 v 81 (og)
1 28°0 95°2 8yl 6870 2°6 | 6072 91°T 82 99°1l 9%0°2 S0°1 €8 $2°1  29°0 #L°t 881  §5°0 £l 081 £
10°1T  S5°0 $5°2 | 034 SRR 741 §°6 | v0°2 €2°1 (9°E 96°1 81 221 9°8 PE'T S50 9P°E SL°0  06°0 0°01 68°1 2
0 290 2Ltz 9Tl 8L'0 0°01 | st°2  11'T (6°2 95°1 08°1 (0°1 €°6 80°1 85°0 82°¢ 99°1  68°0 6701 202 1
81°¢  26°1 8¢ 02'¢ LS°€ Tyl | £2°¢  82°% +£°01 20°¢ §1°9 2t 8°%1 ! BE°t 1€°1 ¢8°8 (I't  ¥8°1 6°41 9t "¢ L
v9°  9¥°Z L0°11  82°S [2°¢ 85T | 9€°8 SE°¢ S8'01 9v°9 €9°S SL°€ I°SI | #E'E G2°1 £9°8 6Bt 61 0°st 69°¢ 9
ALy 02°2 BE'6 2By 28t 861 | £9'6  16'% 25721 29°9 §$°9 BE'V ¢°91 8.°2 ('l 9£°8 26t  B2°2 9°41 v8°¢ S
69°¢  00°2 RO0'6 2Ly L2°E L°ST | 12°8  ¢€°v $6°0T 81'9 €L°S 26°C t°S1 8L°2 0%l 2076 61'y  L1°2 6°51 0151 1L°¢ 13 i
18" 9972 v9°01 L€' SL'€ 641 | 217 9¢°% ¥9°11 9€°9 96°S  ¥0°Y 6741 E€1°€  S§9°1 Iv'6 0S¢y  Ov°2 8751 95°¢ €
16°¢ v2'e 95°6 00°S [E°E L°ST | 6€°8  SGb"v 6E°T1  SE°9  ¢8°9 90t 9%l 60°¢ (€°T 88'8 SI'vt 0072 £°s1 29°¢ 2
90  8v'l 02°6 29'v SS°1 p°st | €8°9  06°¢c 0’01 0°9% ST'9  2Z¢°€ 0°91 Ly €01 w1t 0§°t 98T €91 SL°E 1
pe°E S8l 2L 0Z°v (L1'E 8°€l | 60"  9(°€ G§°6  9E% 0S°S 6v°E O'pl 9L°2 OF'T  9l°¢ (9°t 22 €€l et {
y0°y (671 106 2Lv 1972 vl L 0T, 6L°C 946 18§ §2°S  82°C v°bl 6572 12°1 w6°( (L€ 821 0°¢1 TN 9
85°¢  20°2 61°'8  95°% O0Z'E Z°pl | §9°L  66°C BY°OT BL°S €9°S SSTE [l £6°2 2€'1  $0°8 ¢8°t  99°1 (21 9t°¢ s
e 6L°1 28°¢L 8I'v  69°¢ L0 ] ¥8°9  16°C 06°6 89S 12°9 0L 2791 65°¢ 69°1 8.8 LI'v £0°2 tovt 90IST St°¢ t 91
65°¢ {6°1 25°8 65"y 88°C €p1 ) 0€L  £6°C SE°OT  08°6 9%°S  99°€ T°p1 €9°¢ SG°T £9°8 #2°¢ Ol 1621 ot'¢ 3
61°¢ 68°1 02'8  65'v 82°C Sv1 | £8°9  €£'f S0°OU  2L°S  0L°S  (E7E 8°¢l L' g1 W0 6Lt 19°1 6°€l 8E°¢ 2
8¢t 8¢l W08 02v 61 £°v1 | 92°9  02°¢ Ov'6  L2°G ¥S'p €972 ('l 95°T  68°0 1¥°9 LUt 1971 s €1 e 1
(sat) (say) (sai) (sar)} (sq91) (sqi) (sa1) (sa1) (say) (sal) (sa1) (sal) (sat) (sat) (sat) (sa1) (sai) (sat) (13) (o@s) -on oy
vl swy bxww]  swy fxve]  swy oy Ixvw| swy  Jxvwl  swd jxww|  sws fxvi]  swy  Jxvwl  swy |xve|  swy s 8 H 1 asem uny
agnL -n 11dM 0s1 aqn) -n 11dM 0s1 aany -n 11dM [ 3
i £303y] UOLIIUN WeBJIS K103y, aAEM 403ULY ) i $I11eWdU (Y pasnseay T
(panuijuod) ¢-g a(qe]




a R,
f.
v~
p
] )
r .
p
f‘ .
: 95°7  S2°1 69°S  26°C  ¥6°1 SO°U 6y  S2°C  08°1 92°9 ¥I°C O¥Z 61T €°5 ¥°S 0E'2 668 O0's €6°1 86°0 0°S 880 6€°¢ (
¥E°Z 92T 28°§  (8°C S8°T #6°0 1°G | SOy 90°2 16°S 6L €972 (1 §°S 9y S0°Z 98°( 92°6 S8°1 66°0 1°§ | S8°0 e 9
L ¥°2  12°1 25°S  #9°C OP°l 80 1°S | SO  ¥8°1 26°S  I¥E 627 91'1 §°S 6°t €L°1 S2°L 1S 891 €80 6°» | 26°0 6€°¢ s
1 (' BUL 89°S  28°C  1S°L (80 €S | 08°C  v6°1 'S 0L°€ SEZ 6I'1 9°S 91t €51 €L'9 86y €6°1 16°C 0°S | $8°0 S202¢ Sr't sz ¥ 52
: 0c2 8I'T 94°6 9T'v §9°T (80 2°§ | O€°€ @8°1 £1'9 60°1 €272 221 9° 65°C €9°1 69°9 €0°S 6/°T 060 25 | 880 9t L £
2 16°1 (60 20°9  OE'Y 'l 20°0 2°S | (972 2s°1 98°S @'y (0°Z 60°L §°§ 25°C 9Ll 8°9 92°5  65°T 980 9°S | 1870 oce 2
N 00°2 ¥0°T TL°S €2y 2»°U S8°0 0°S | #8°2 65T 10°9 Ti'y (671 80°1 ¥°S | or'c 65U £9°9 60°s 9yl 28°0 1°S | (8% et 1
. €E°9  BY°Z O0L°Z1 009 [¥y O1°Z O°T| 1v'0 L
. 68°S  86°2 9621 €8°9 SS°C  €¥°L 6°01| BE°6 S5y 10°%1 L6°¢ @6y OUE 0°21| 19 592 90°E1 80°9  89°C  26°% S°M1| Ov°0 «y 9
g 6L°S 962 61°21 86°9 OF°E 691 60V| T1°01 £5°r w6°€l 11°8 §2°9 BEE #21) f€°9 €8°2 SE2 vI'9 'S 1v°2 ¢ 1) 1o "y s
. ¥6°S  £6°2 02°21 00°¢ LI°t 65°L O°V1| 0y°01 ©09°y SOl 91°8 6€°9 €5°C 2°21| SB°C (B°1 02°01 56'% 18°C 0LV €O ¥s5°0 8€912 2vy ¢ » "
: 62°8  9°¢ 82°d1  S§9°L LI°€ Ld'T S°TU| S¥°O1 SIS 28°S1 998 965 O02°C 6°(1| 92°6 6v°2 HI'U1 8E'S SL°S 62°2 0°11] ss°0 % €
L 62°L 06°¢C 86'€l SL°L €9°2 6%l (01| 05°6 #1°S BL°ST €8°8 64°9 #¢°€ €21 21°% 602 SHOTOE'S #6°C 981 801 6¢°0 ec 2
- €6°6  18°2 18°11 BL°9 1S°¢ (91 L'OU| £8°¢t 96°¢ GE'El SL°L 6E'y #5°2 ¥'21| s8¢ (8°1 020166 18°C OL°1 S0t | 50 04y 1
X 68°6  S1°S 22°G1 098 96°C »1°2 2°v1| 1£°6  6E°S S9°SU EU°6 €Ly 822 vWl| 1s°Z  S€°U  65° €5°v  €v°Z 26U £°€1] S50 60"y t
E $6°S  18°2 68°01 SE°9 [0°y 88"V (°€1) 829  61°C #6°TL £6°9 02"y 61°2 I°SU| (v°2 8y 498 16°v 692 2€°1 9°S1 )] ev°0 e 9
r. £9°9  92°f 22Ul 69°9 #¥°p #1°Z 9°ET| O0°C OS°C 06°21 02°¢ Oy OE'2 SHl| 89y $0°2 6811 45°S BI°C 69°1 0°S1] #°0 10°y s
A 26°L  9T°v WVET 0L°L SEY 6272 #°¥L| OL°C  v0°y SLTEL 018 61t 65°T S°WL | (9°% 68°1 [9°T1 09'S  65°Z BE'T 6°MT | 20°0 SOMLI Iy 9y & t2
X yI°9  92°¢ 2v°21 10°L O2°t ¥S°L ©°wL) 99°¢  9€°v y'El 96°L ZI°S 882 o'Wl | 62y (27 es0U 9r's 2U°v 1671 €°€1| «v'0 12y t
. 4°9  18°¢ 89721 6E°L IU’y 82°Z Sy | 68°9 G8°F 66°21 26°( 19°C £8°1 6701 | 92t €L°T 18°6 60°S QL€ €Sl L'EU| S0 12y 2 .
- ov's  1L°2 £2°8  L2°S 16w 1972 (vt 2877 v 9°6  £9's 882 L'l (°SU| €2°t BLCU 19°6 €9°y  EE°€ 1971 £°€1 | Ov'0 "oy 1
[}
05§ 82 25°11  69°§ 9L°1 §°9T| (678 19"y S9°I1 689 98°S ¥8°C 2°ST| ov'e _£s°U 926 2y evZ 21t 9°s1| 9v'0 8Lt Il v
19°y  02°Z #8701 2§ 6°1 291 198 95y ST 85°9  96°G  #6°C (°SU| zet ET (86 Wy 9ETZ  L0°1 2°91| 20 28t 9 y
60°y EE°Z 1676  §2°S ¥5°1 1°91] 20°8  Ue"y ZE°TT 9S°9 0S°S SL°C 2SI MIr ST OPOISYY 222 86D 8°91 | S»'0 vE $
90y 50°2 068 BL°b 99°t 91| 62°9  2L°t 9T°01 9L°S 28°S O0S'E 0°St]| Ei'y 91  BroOl 899 TLU] €00 991ST 95°E €5 22
STy 17 66°8  20°S 05°1 6°ST| 80°8  10°% SE'O1 €1°9 1/°6 0S°E E°vl | [S°E 2v'1 696 2v'y 91| ervo 19°¢ £
£L°C  8Y'1 958 By $9°0 9°ST| 8659  0S°€ 1201 6L°§ ¥9°v 68°2 L°ST | 16°1 $6°0 #9°¢ 28°¢ 9°s1 [ 8470 SL°€ H
§9°2  (£°1 €270 ¥ 680 €61 | €0t¢ cr°t 2901 6L's e€ss 22t (st ] vt o060 09t 9% st | o we 1
82°§  O€°t SI°O1 SL'% 0°C 091 | 058 89t 12°6 85°S 88°9 BC°E ¥9L | €5y 8I°Z L0°11 S0°9 81 | 9% 88" Il
Le°s  61°t (101 1879 20°¢ 0°y1 ] ¥6°9 0S°t 8y Ot 69°s 2079 TI°C 9°91 | €5 0¥ 15720 v | 297 6"y 9
$6°S  BI°f BL°OT S55°F 262 01| 2009 ¥S°E 99°6  BE'S  80°9  90°C 2°9T | O0€°S LT L1UTT €S 291 | 990 160 5
YO°S  1¥°Z EL°6 Y9N §2°2 €91 ) €5°9 65°E 2801 €0'9 99°S 90°C ¥°91 | 22° 69°1 L0°11 28°S 6°cl | 59°0 €168 €6 2y ¥ 12
09'9  0¥E §8°6 0Py 9°c L91)] ¥6'z 0ty 6v'6 095 69 0s°t 091 | 96 S1'Z ¥86 26§ et | oo €6y t
¥2°L 6t /L 9Lt 92°2 1y ]| 858 (0°v 19°8 €€y 80°9 S6°Z S°91 | €Lt ¥8°1 90°8 12°S 1| 290 6% H
15°y 822 SI'8  09°Y o'z et} 659  29°¢ 06'6  ¥0°9 82°¢ SE°C 991 | €6°5 90°Z ¥0°01 64°S s°tl | €9°0 vey 1
(sa) (sq1) (sa1) (sa) (sqi) (sai) (sa1) (sat) (sat) (sa1) (sa1) (sa1) (sq1) (sa1) (say) (sqi} (sai) (sat) (33) (29s) o -on
Iovw]  sws fxww]l  sw bxvw] s a | bow] s fovw] s Javw| s x| Jxww)  sws Dovw]  swy fave] swm 5 9 H 1 am  uny
agng -n 11dn 3] aqn -n 1140 st aqn) -n 14N 1]
T TT UKo wo)young wesdys T T T T Ry saw yeaupy $3)30WBULY PIINSPYN

(penujauod) ¢-g aiqey




r.
¥
b
3 4
3
g0°¢ 1€°C 2076 S’ 08'y 922 1°L | IS¢  §9°C 926  GIL°€ [9°§ 8572 (°9 20°¢ 19°T  8p°S 6072  00°E £5°1 9°8  19°0 (/091 19°1 0°S S
S 20'  £0°¢ 6€°L £8°¢ 8672 ¥8°1 L'v | 95°v  68°2 16°L  62° 19°% /' 18 18°S  8£°2 8v'L v2°v  1I°S 99°2 6°9 | 18'0 S/812 882 ['E b
- 2v°s  [8°2 828 se'v Iy 122 278 | (0°¢ €9t 9L°8  ULv ¥5°§ $6°C 0°8 61°t 622 1S°( %€t (£°€ 10°Z ('8 | (5°0 05802 $9°2 8% ¢ ve
b £5°c  69°1 Ib's L€ 1T 0071 0°Z | 16t 11z 10°9  wee  S8°Z  99°1 97 €5°2 €2°1 6L°v 00°€ 88°1 080 S°9 | €570 $2961 #€°2 1'v 2
9 £1°6  15°2 £5°9  wl'€ BL'E S6°l 679 | 99°v  0S°2 829 90°¢ IL°E 86°1 9°9 [9°E T1°Z E°S $6°2 09°C 26°1 1°z | €5°0 #6181 96°1 E£'v 1
& 10722 9€°ST tS°p1  01°6 €£°L 69°2 €°C€ | 20°v2 6291 20°91 6§46 18°L 9672 ¥°€ 0v°12 €2°%1 $2°01 ££°9  18°v  ¥L°1 S°C | 98°0 v€29. 68°2 §°2 §
3 £9°zz 00°01 09°61 89°8 2p°2l 22°¢ 1°11] 0,702 82'6 w181 S(°( €S°Z1 v5°9 9°0T | #L°€ LL°1 0S'9 ('€ (E°€ 9S°1 66 | €80 16891 66°2 (v ¥
§ 96°S1  92°8 98'91 22°B 81'6 I6°C 6°% | S6°S1 89°8 G6°91 64°8 (b6 SI'v 2°5 v1°S  £8°2 S€°9 19°€  6b°v 09°2 0°S | 2970 2u41¢ 672 ST € 2
8 66°8 €B'b 25°  LC'v 698 SB'C 2°6 | 666 2.°'v 068 €0°v 85°¢ €9°C $0T { SL°C SS°v 620U L5 61°C (9'C B°IL| 2670 I8I1Z 0S°E B 2
z 00°9 9¢°2 S8 I€'f 06'€ 0z'2 9'8 | 08's 992 118 o0gE 02y 91 28 16°T  $8°0 Ob°€ 80°2 6.°1 60 v°8 | 29°0 8OUIL S6°T (v 1
.
b SaAeyM wopuey
9
b,
b
1872 6t'1 65°S  LE'E S22 L0°1 T'El| 25 s9'Z SI°r  66°€ I§'y 252 '€l | 6E°C Sl 26°¢ L6°€ 661 1.°0 E°ST| 2970 012 {
b . 89°z  16°1 98°¢  9¢°€ 672 ZI°T t'El) 09°v  p9°z 16°9 16t 96°C 872 §°2l | 982 6E'T 25°( 89'C  Ip'T  99'0 6°SU| 6£°0 972 9
3 66'2  6.°1 059  66°€ 92 LE°1 YUEL| £0°S €82 99°C  (0°v 0S'p 69'2 9°21 | S¥°Z BI'l €5°L €5°C  OE'T 2L'0 ST St°0 89°2 5
s 69°z  09°1 €r'.  99°¢ ¥9¢ Ul S°pl| Bh 12 90°8  B0°1 OT'® 95°2 ('2U ] 05°2 801 BETC 2¢TE  BY'l  99°0 ('ST| Ot°0 vve€l 08°Z 0°9 ¢ 92
, 62°2  (2°1 09'9  v8°2 O0v'2 921 wl| v’y [p°Z S8°S  9€'E €0y vbg L2l | ®6'l 96°0 2£°9 (I°t  08°1 08°0 2791 | 0¢°0 872 £
b . pi'c  z0°t 16°5  £9°7 28°l 68°0 S'pl] 96°€  S1°Z v9°S  92'c 9E't O1°Z €€l | 66°1 €8°0 08'9 8.°2 §2°Z 8.'0 E'¥l | BE'D 98°2 z
{ 6S°1 1.0 60°S 12z 61°1 250 61| €5°€ 202 $6°S  £0°€ (bt 16T etbl | €€°2  €0°1  8y'9 00°C  8YTZ  €0°1 L'¥1| 2970 10°¢ i
.w (sq) (sat) {sal) (sa1) (sa1) (sa1) (sat)  (sar) (sql) (sa1) (sq1) (sa() (sal) (sat) (sal) {sal) (sal) (sal) (34) (22s) -on  -oN
X fxwwl  swy Dxvwl  swy Ixww|  swe x| [xvw|  swy [xve]  swy fxve]  swy X Jxv]  swa  fxww] swy  |xve] sy " # W1 anem uny
3 agn; -n T1dM bs1 aqny -n 114M bs1 aan -n 11dM 81
& fioay uoi3oung weasls _ £103y, 2Aem Jeauil ‘ 1T '$31300dU |y paJnSeay
y
b
L
4 (panuiauod) g-5 31q9)
4
&
)
p:
4




68°1 s1°0 s

00°2 92°0 2972
00°2 €0°0 "z
10°2 10°0 "'z
0°2 290 99°2

86°1 92°0 282
66°1 90°0 872

10°2 20°0- 65°1
60°2 020 §8°1
0T 2WO- 1971
$0°2 {s°0 €91

%0°2 110 191
0°2 190~ 85°1
%°2 o010 9t
90°2 820 (0
s0°2 210~  of0
s0°'2 Si'0 60
€02 25'v- (80
v0°2 010~ o0
€0°Z 60°c  9L0
0z 6°1 R0
$0°2 L 60°1
wz woe et
€02 90 Ul
€02 1wl st'l
%'z 80 21
02 "nee 1t
6 s§t2- a2t
" Py 2

99°1
co
S
19
61
€t
u=

06°0

noo-
no-
120
o

270~
2°0-
€2'o-

00°0

20°0-
20°0-
$0°0-
Y00~
10%0

»0°0-

400~
f0°0-
§0°0-
90°0-
$0°0-
0~
0 °0-

20°0-
10°0~
20°0-
10°0-
10°0-
20°0-
n°0-

$0°0-
90°0-
90°0-
10°0-
1070~
£0°0-
00~

(293/3))
n

Lk

o« v e
CO LY LY

MO ONOTY BNOROmn WANMOANM
- ot O - ot o ot

IR PRI

VOANDEBD C o W

+ e e o o
W@ P P

CAMmMeran TN D™
.

(g)
T

2°
£

"o
o~
LRI

3

. 3ZUINAS SLSUBIR Z3INR
NANNN NANNNRNNS NNNNRANN NN SN

-0 ) -
wwvwoa

w
0

.
~

"

$6°0-
"o-
220~
82°0-
8170~
95°1-

0¢°0-

69°0~
8y°o-
9% °0-
81°0

§9°0-
20°0~

%

[ ]
9

({3
(1 4

89°2

[ X3 161 Lo [ 95°0 69
*"”s 06'1  €L°0 00°S 09°1 69
[ 3¢ 160 20 90°S [+ 21 L )
8°s 130 B 134} [ 18 %1 9°¢L
0°9 t6°1 810 61°s 99°1 "9
$°s 00°2 9070 90°§ 91 $°S
*o 86°1  91°0 00°S 091 6y
et 20°2 1872 06°0 12
s°1 20°2 0872 06°0 6°1
(341 €0°2 82 68°0 81
€2 80°2 192 06°0 172
92 102 W2 06°0 12
st 10°2 18°2 06°0 0°2
81 w02 o2 180 $°2
6°0 80°2 8s°1 150 1t
01 or-2 $s°1 0§°0 11
€1 90°2 09°1 15°0 €1
9t 90T 291 0 8t
€1 0°2 09°1 15°0 11
1 0°2 [i ) 05°0 1
$°2 90°2 €91 250 §°2
S0 90°2 82°0- o $1°0 §0
9°0 90°2 2170~ 9t0 (194 80
0 90°2 20 [ X] st'o o
2°2 €02 €5y (1%} st'o b3t
$°0 %0°2 0(°0- 9c°0 10 $°0
1°1 €02 o1t 8t°0 s$1°0 11
8t 90°2 08°1 8t°0 st'o 8°1
6°1 §0°2 11 60°1 "o 8°1
1°2 £0°2 200 €11 $¥°0 6°1
L1 2 90 (4081 %0 9°t
"2 €0°z 11 sty 90 €2
61 s0°2 8L°0 2t %0 81
%4 0°2 2 (154 [12(] 82
6°s 96°1  ¥5°2- [Tl 1% Lrs
(%) {g01x) ()

s " Py 1 1 b T3%"

AJ09y) WARN UOJIOUNS BRI

e vy
Bas .

Asosy) samy sy

RI30dS VOJININ|IIOE U} VOIENUIIIY

. L, .
' e
- WA SN

$I110ULy pasnsey

@R~ «© -
mmmSosm
.

- ot oup ot o ot

- o
@
odo

s 2383
4 oddod

0s$°0
§5°0

69°0
0

b
d

s1°0
AN
8l 0
1184
o
st°o

9°0

ABasus pur (3) J0JJ0 SHY O Kivwwng - B|qe]

1w
L1
0% {1
s
s
1270
98°91

[ )

$Y°96

29°¢6

€106

s¥°96

()
s/, %

. .
- s o

-d

.
- ot C -

35353885 335333
o

]884
dods

0°2

dca

.

e e o &
-t g ot - ot
o
.
~

38888 134

[}
-
.

(oes)

wn'—

-—
-
A=

3

NPT BD - —_-NeNO~ -t TS -G

- WO~

(7YY

“on
wy




'v. ' ‘ 4 I
b
3
}
p’,
g
£
€01 9t 080 18"y ¥8°0 €9 9'1  0S0  98'Y $8%0 ( €0°0" 9°q S0z 8E0 €5y 60 | (97 or'1 t
: It 12 ¥0°S 88°0 67 AT B0 Y ¥8°0 | 00°0 2t 90°2 L0 2y (o | 10°s £v°l 9
g1 UL e 98" $8°0 £°9 Ut 90 s0s 88°0 | 50°0- €y 02 00 SEy (o | sy 1 S
6 571 0970 v6°y 98°0 29 ST 190 ¥6°Y 98°0 | €0°0" G 60°2 800 257 6°0 | (6 (186 €£¥°1 9y v o1
9 91 9070 957F 670 8% $6°1  $0°0-  SB'Y v8°0 | %0°0- 1y 61°2 €10 28y 80 | (1% 9t °1 €
g €L 61 2270 69"+ 28°0 8¢ S6°1  ¥20 28°Y R°0 | v0°0- 1 27 00 sy €80 | ¥S 81 2
. 08 26°1 9v°0 18 58°0 0t 26T 90 vB'Y ¥8°0 | 20°0- 82 Y22 900~ 49°Y 18°0 | %1% 11 1
g vl Pl 8072 3 2v°0 19 Pl £0°2  £€°2 190 | 00°0 88 0°z ¥8°0 002 seo | 16t 69°0 t
: 65 ta0  I1°0- 6272 0%°0 6% £9°1  0170-  9€°2 0 | €070~ L6 61°2 820 9272 6670 | b6°1 1970 9
(9 esl 1872 2272 6£°0 9t 091 ev'2- 422 6£°0 | 1070~ §0 12'2 1000~ w72 20°0 | 8671 99°0 s
g £°9 (870 96°2- 1072 S0 0°s (81 €62~ 9072 9t°0 | 10°o- € ¥E'Z U0 £p2 200 | stz ee0s o090 9y ¢ 6
. 8°s 16" 00°F £0°2 5£°0 8 16°1 R6'Z  M02 9o | 1070~ 9°9 0¥z ®90  0L°2 o | sz 09°0 ¢
X 1°9 56°1  S1°0 212 1£°0 "9 s6°1 B0 BI%Z 8£°0 | 2070- 86 1v°2 080 €972 o0 | €72 29°0 2
T.. 'y 66°1  19°0~ %072 90 19 81  S90- 0172 tevo | 20°0- Ul 87 690 9972 £'0 | 1672 09°0 t
9 £01 8T 900 0T 6E°2 9'1z  £9°1 800 20721 0972 | 81°0- 6°€1 €671 6270  62°IU ez | €981 0¥y L
- €6 (roero se'01 (€02 912 (51 €10 sz2l s9%2 | 22°0- 621 8°1 1£0 601 ££77 | £rcdd 2y 9
2 0°6 9571 1070 1ol €2 9'1z  (9°1 20  s0°2l 1872 | €2°0- 201 £6°1 820 6S'TL 1572 | evc £ey s
18 8°L 200 BTl 9¥2 ('1z 651 2000 2RIl 95°Z | OF°0- 011 86T D S6°6 STz | (2t €986 ov'e e v (e)82
61 9.1 §1°0 SUTT 1972 00z 450 €10 9vtzr 072 | z20- 9°01 0671 50  61°01 1272 | 9I°A1 0s°y f
'8 St 0£%0 yool 22 061 651 s2'0  wval 69°2 | 8z°0- €1 £8°1 190 2E01  €2°2 | o9 vy 2
0" £8°0  L£°0 9ol 9272 €41 971 1€ 8221 9972 | 0t0- 0Tt S6°T w0 $6°6 stz | seot €€ 1
g 06 €T 61°0 96°9 15°1 66l 91 120 60t £s°1 | s0°0- 24 02 ST 179 g1 | os0tu1 £9°2 i
b, 9°6 981 5970 99 09°1 861 08T 90 €99 £v°1 | S0°0- 6t 90°2 O£ 2v°9 6671 | 90°T1 a2 9
) vl 01 1870 V2L £5°1 IR AT X 8s'1 | v0°0- 19 01'z  $2°0  0£'9 9e'1 | 0p°11 972 s
18 D€'l 28°0 22°9 se°1 B°Fl  £8°1 870 2’9 91 | 1170~ 19 1w 120 029 VE'L | (01 20°66  See te v ¢
b 69 261 6970 92'9 st gzl 98'1 [0 99 9°1 | 2t0- £°s 'z 220 42'9 9t [ U stz ¢
B vy 861 0£°0 v2°9 SE°1 80l €61 620  19°9  £v°1 | 8070~ s'¢ §12 010 209 (£71 | 99701 v 2
g sy BE'T 90 s 2t $'6  CE6°1 000 85°9 2°1 | 1r0- st (3 203 S A 91 | w0t 6c°2 1
¥ 8t %02 0970 1572 v5°0 2°9 207 60 2572 ss*0 | 1070~ 51 022 920  9£°2 150 | €1 $6°0 (
. sy g2 100 [+72 $5°0 0t 902 260" €572 ss'0 | 20%0- 61 92°z 010~ [$°2 %570 | 2% $6°0 9
b 6 £ 100 s872 £5°0 1 21z 810~ 1572 ¥5°0 | 20°0- 6°1 92z 010 (+72 vS0 | ST v6° <
t 6% €' ¥9°0- (972 75°0 19 %0°z 90~ 572 §5°0 | €0°0- 9°1 'z o2re- 52 e'n | ¥I 00°w6 6D s v 9
X €1 (' £1°0 0s°2 ¥5°0 st (077 £10 8572 §5'0 | £0°0- Sy 22’z 1000~ 872 150 | 12°% 260 £
, €2 a2z 0°0- SL°2 09°0 L1 1z 20- 1872 19°0 | T°0- 89 »2°2 010~ 082 1970 | er'r 16°0 2
X e otz 1970 vz 25°0 e 60°7 090 92 €5°1 | 10°0- 6 02z ¥E0- 972 €50 | ozt £6°0 1
%
b (2) (¢.01%) (x) (g01x) [ (395/3y) (%) (g-01%) | (sa1) (x) (33) (s0s)  -on “on
s aewy U2 Py % ¥ *aewy Y Py ! ¥ n sy M Py ' ¥ seaw  ow/ ow Sy SPRL g uny
f. xew
. . e e e e - [ UV B R e o e ] 3
r. A403y; IAEM UOLIDUNY WRALTS K103y aaen Jeau|n # SO1JPWAU Y paJnsedy
.
3 {panuiau0d) t-g 21Q0L
s




. O o o
. . .

W o e
~RRRe
ocdddo

o

€L

£0°0-
£0°0-

00°0
$0°0
20°0
200
10°0
00°0
00°0

10°0-
10°0
20°0
10°0
00°0
10°0-
10°0

81°0-
0v°0-
0£°0-
€70~
1270~
oro-
E¥°Q-

$1°0-
020~
01°0-
01°0-
€0 D~
8I1°0-
61°0-

{>3s/3))
n

ToNe e
[ I]
O ®

.

- W NO NP
« + 0 8 0+ SIS

{
9
’
S
9
]
9
6
{
S
{
v
9
9

A B Ui O I DCINOIETY W bt D™

0072 11D
0072 20
S6°1  #2°0
661  (1°0
86°1 91D
861 [F°D
£0°2  #5°0
91°z  §I°0-
02 o010
€1z 120
2z e
217 o
01°2  19°
01°z 890
8t €20
¥z 0l°0-
327 18°0-
62°2  £9°0-
6tz 210-
ov'2 6870
27wl
ve'l  28°0
¥l 09°0
881 667D
/T 0v0
€61 WD
*°1 05D
861 10
£6°1  99°0
06"T  05°0
"%l 8D
86°1 S0
¥l SE0
00°2  §¥°0
$6°1 850

1t-otl
$e°01
stool
Sv°01
0£°01
reeol
£1°01

€2°s
267y

—
(O L R R TR estt | et 1’22 61 By’ 15701
y'ol  S9°1 0vD sttt | 1t 6°€2  0ST S€0  S¥UOY
9°8 §°1 65D 8911 | L0l €61 Sl 550 65701
9°6 89°1 2670 11y |69 8’2z 9t 820 0Z°01
9°6 v°U 160 gorir | 9 802 291 820  £0°01
st W1 4zo 29'01 | o09°1 602 'l A2°0  S6°6
1'8 6°1 60°0 €601 | $9°1 612 (91 90w 61D
8°8 B0 190 0g°s 08°0 'St w0 BET0 - . 00§
£'s 89°1 220 25°s £8°0 $01  99°1 120 1278
9t 60°1 §0°0-  ¥E°S 08°0 0%l ST M0~ ¥0°S
0°9 RN 25 6070 0°21 8T 0¥D S6°F
8°s 68°1 470 00'S 90°0 21 88l £b0 €L
e 98°1 870 6°y SL°0 U £8'l 8ED 69°%
8y 68°1 L1°D 68y 00 'zt %'t BUD 29°%
6 ¥3°1 010 €'t 05°0 101 €971 or'o- 82
»01  29°1 %070 ve°E 05°0 9tt 191 20°0  02°¢
vy $8°1  ¥0°0 ot 6v°0 68 v9°1  €0'0 21
s 99°6  ¥.°0-  02°F 8°0 0°11 91 €0~  80°C
o€ 08°1 15°0-  90°f 9v°0 6°9 60°1 280~  $6°2
6" 68°1 €270 0672 °0 £'8 (87 £20 982
s ¥6°'1 €££°0-  06°2 "o 6'6 %1 zE0- 1872
191 8l 070 06721 | @2 9%l 8L 090 04T
gt 81 810 vl | 0272 8722 W'l s10 OISy
1 681 42D £9°61 | 9g°2 Y ERT w20 S6'Hl
91 Ll 8L L0 | 2 0'12  ¥9°l 210~ £9°S1
2°s1 281 S0 £9°01 | §5°2 4 el 0T wECst
61 1671 (1D gseer | 9e72 gt €8T €10 26°S1
6% LU 99D 16°ct | etz 90t BI°l S0 26°91
9°c2 291 8L mwar | oz 8°6 99°1 00  0£°2
¥z 51 060 ss°t1 | 2072 0°91  9°1 (L0 2872
¥4z £9°1 280 1ot | oene vzt 99l el0 w2l
962 W1 ¥5°D oezt | e T T o vzt
6°12 491 95D el ) osee 9°1 o't £g0 el
st 18°1  SE°0 oz:at | a2 5°9 08t 160 6L°21
§02 ¥l 150 mwa | otz 68 ¥l £sD 28°21
(s) (o) (3
Xy sun ] ¥ asmy ™ Py ]
KJomy aAEm UOIIOUNY WAL Kioay eAen Jedu)

(panuj3uod) y-g siqey

$21IMIULY PRINSEN

MNQF"—GO\B
P . . e
DDDDHRD N

.
NMNNN—~NN MMM M

AN EIOO VDO
NDA RO ~N

Qoo™ e
I e Oh — N

—~ DD
W MO DO
s s s e o
MNNO™
—

£5°E1

(sa1)
seas
xve,

8.°86

¥{°96

6¥°56

(8786

{2°86

(%)
~/, %

29°2 ]
29°2 ]
§9°2 (1
85°2 £'s ’ s
6v°2 f
8y°2 2
$5°2 1
92°1 It
92t 9
52°1 s
€2°1 £°s ¢ L2
81°1 £
181 2
0 1
20°0 !
08°0 9
(o 3
(o £°s [ €1
»L0 3
20°0 2
0L°0 1
(AN ] {
96°f 9
- o s
[T 9t 3 21
62 £
22°y :
oty 1
6v°¢ {
[+ 9
8yt S
15°¢ 9y v ()62
§9°¢ £
[t 2
95°¢ 1
(32) (>9s) *on “oN

waj. n..— aam umy

-35-~




3

V,
,
w.
W\._ P ov L vt 6 2t £t Lt el LEU $1°El 9¢1 | avo- V6 081 610 l°f 8°1 69°2 (
821 (RT 0v°D £2°E1 £8°1 £°82 991 9€°0  SE°El g1 | ervo- 9°9 08°1  SE'0 0261 68°1 672 ©
vl SR'1  6E°0 89°€1 £8°1 6°0f 29°1  $£°0 §9°£1 28°1 | ot1°0- 9'y 60°1 960 88°Sl 2172 18°2 5
o€l 181 9z°0 09°v1 56°1 v'82  09'1 820 2UEl s¢t1 | v0°o- £°9 91 BE'0  §9°61 60°2 90°86  $8°2 R v 0z
0°et 88"l $2°0 5091 88°1 1'92 2l 0E0 682l 2t | sovo- 27! BL'L  9v0  £8°8l 86°1 8(°2 £
2°01 98° 1 b°0 §8°€1 58°1 2's2 69°T 1870 el S{*1 | 60%0- 8°% 6(°1  E4'0  £9°SI 60°2 8/°2 2
veg RO°T  6£°0 £0°01 1671 IR ?: £5°T  6£0  0§°#1 €6°1 | 9170~ 0°8 20T w0 8prsl 10°2 00°f 1
'8 0°2 w0 85°11 55°1 9°02 96°T  ¥b°0 19°01 2v°1 | v0°0- 8°8 €0°2 ' €021 19°% 0£°8 1672 !
08 502  55°0 0t °11 251 612 261 850 10t SE*1 | 00°0 59 $6°1  SE°0 €971 69°1 96" £2°7 o
6°9 ovTz o €5 11 #5°1 922 98'l  Sb'0  £2°01 ©°1 | o boe 16°1  #F°0  68°21 2 sy &7°2 s
68 s0°2 210 85°11 §5°1 752 161  wi'0 €0t BET C envp £y 26°U  0£0  12°El 91 £8°/ (286 2272 09 v (s
56 002 5°0 TR £5°1 R°02  06°1 850  0Z°01 951 | £0°0 t°9 £6°1 S0 16721 191 22°8 12°2 £
, 89 SR'T 190 ¥8°11 85°1 6°61 ST 850 08°01 vt | €0°0- 2's 88°1 650  ol°2l £9°1 98°¢ T :
" ' 56°1 660 ¥8°11 85°1 9'61  08'1  ££°0  $0°T1 1 | 90°0- 19 261 850 8ol 1 90°8 162 1
23
X 5°6 $6°1  2£°0 666 ge°t £°81 88°1  pE0 916 221 | 20°0- L6 20°7 010 25°1 o1 ve°9 00°2 !
. 28 202 €40 8.6 €1 L S6°1 (470 18 (1} o £°6 202 20 90°T1 81 £9°9 £6°1 9
3 §°9 ' €€ 01°6 12°1 v €l 802 €0 8t°g 21"t | 20%- 5°9 66°1  9€°0  §9°01 21 (9 £8°1 s
! 19 02 11°0 $9°6 92'1 I3 66'1  £1°0  £5°8 v1°1 | v0°0 9°8 68°1  95°0  £6°01 91 $0°9 66716  b8°1 09 v (stloe
& 58 ¥0°2 880 S1°6 21 £°91 66°1 980 92°8 o1°1 | 20°0 v°s 66°1  (pD  92°T1  0§°1 b9 081 f
b 9°s 66°1  [b°0 05°6 2 6°81  06'l (40  $9°8 st°1 | 10°0- 8°5 (61 95°0  10°01 ¥l b9 68°1 2
g 09 SL°T 6970 00°01 €61 §* (1 89°1 990  ¥E°6 s2°1 | 90°0- 9°8 68°1 950  €6°01 9v°1 219 20°7 1
. 2°e1 ¥8°1  ¥b°0 £T 41 €12 862  ¥5°1  (E°0 60°01 g2-2 | €2v0- +°9 18°1  £%0  88'h1 5272 £8°€1 9vg L
9 L uro0zo 18°S1 662 0'82 9t 120 OISl 82z | ot-0- 0! €8°1 (0 00°S 272 8t £l 69°¢ o
g 201 19°1 960 10081 82 §°2¢ 9"l 1£°0 SE° 91 vz | vzeo- '8 161 §9°0  29°%1 12°2 | eeoel v8°¢ 5
8°21 0L°1 ££70 0L°§1 1572 8°0f v 160 9¢°s1 2z | o1°0- £t 98°'1 €0 £6°S1 1°2 | s721 v9'86  1/°¢ £°s t 0
L vyl 88°1  22'0 18°91 s2'2 '8z 29°1  9z°0 98°91 sez | cto- 9°8 $6°T  66°0  LL'S1 BE2 5621 oyt £
. 1°6 98°1  §2°0 9p°b1 81°2 662 291 220 8(°€1 80°2 | 90°0- 9°9 06°1  BE'D 2651 1€z 89°¢1 29°¢ z
b, 9°8 2T 2et 26°s1 £e2 2's2 6°1 620  00°91 22 | €2'0- 68 98"t ¥5'0  vE'¥l ez ) oescet s°e 1
i £zt uro2e 8L°c1 80°2 v'iz E5°T O£ 1041 2tz | sro- 1°8 88°1 1670 0£°fl 1072 o 2ee L
. £°01 sI1 02°0 8e 1 12 182 £5°'1  02'0 9e°91 ez | oetro- €5 06°T  1£'0  £0°%T e 95711 sty 9
: -2t 2t 1z 81°vl pre £°82 861 20 wLwl £2'z | 120- £°L 06°1  SE'0  zv°pl 812 6t °21 9t°¢ <
: pe2t 8°1  08°0 6941 w22 1182 €61 9€'0  02°%1 vt°z | 1°0- '8 86°T 160 2641 812 L€ 80°66  St°f £°s t 91
IRY ve'l  [2°0 62°%1 91°2 €82 65°1  §2°0  p1°Hl v1°z | v1°0- 0°9 00°Z 1£°0  £0°%1 217z | secat or°t £
16 v8°1  §2°0 b1 812 602 29°1  22°0 8s°¢1 80°2 | 60°0- 8°s 96°T 1870 €6°F1 01°z | os'el 8e°t z
1°9 p9°T  82°0 62°01 91°2 22 s RS £2-2 | 0z°0- 21 1L 050 88El v0°2 | 28°11 ey 1
’ (%) (g-01%) (1) (¢-DTX)[(295/35) (1) (g-0Tx) | (sal) (%) (33) (23s)  <on *oN
XP /S HY Yy b ¥ YOS ISy ) Py X ¥ n ¥R /SNy sy Py ] ¥ seaw  Cw/ %w  SPRY,  SEA 5. yny
.- - B - - . P . - - ————— = = .gu
£J03y] aAeM u0}IduNy WAL Aso3y 3aem Jeaujd SOL3PWBU |y PaJnseay
(panuyaued) p-¢ 2tqey
o e . . B NATRA . { o h v ce S St AV




)

o TN

ew,

-

Il S 0

Toite L% U

ol

el Mol

L il
LS

.

el vy

Flalahite Sk

Y

'

"
-

2°9 68°0 +9°0 16° £5°1
[958 ] 8°1 650 s 91
1°s 81 6.0 s ¥9°0
0°'S 8°1  99°0 €L i
0°S 16°1  9%°0 91°s §9°1
Ry 96°1 05°0 91°s §9°1
0°S ¥t 80 ¥0°S 281
6°8 ey 1o

e £8°1  St1°0

£°6 et 910

1°6 *'Y 00°0-

8°s {8°1 00°

§°6 08*1  st°0

1 €Lt 1270

6°ttl 9R°1  02°0

8°91 16°1  £1°0

¥4 s8°l  €0°0-

F3%4 6.°1 90°D

(a3 28°l  s0°0

0 12 2Lt 6r0

2 93°t 910

9°21 89°1 (270

§°21 69°1 220

1°¢1 §8°1 1£°

£ n €'y 2o

2°s 29°t  1€°0

89 €9°1 90

L' LT 9L0

2°s1 9°T 10

(%)
Wy

2

Ks00y] dAEM UOLIUNY WRAIYS

(g}
X Jsny

60°1 85°0
u £5°0
8t o
wi 65°0
18°1 290
98°1 S0
$8°1 *"w°o
19°1 60°0
§9°1 1 280]
69°1 *1°0
51 20°0
69°1 10°0
99°1 £1°0
991 810~
11 12°0
28°1 o
08°1 00°0~
§9°1 80°0
92°1 10°0
89°1 €0
w1 o
"t 92°0
"l 12°0
£9°1 £e°0
21 22°0
st o
[0 62°0
§s°1 29°0
15°1 65°0
0s°1 29°0
8l £5°0
st 90
0’1 L0
¥l §5°0

1€°s
€5°S
25°§
9L°S
§S°S
£5°s
s

2021
ez
22721
68°11
12°21
(3044}

(11
ey
Syt
SP'el
29°vt
¥6°y1
§9°s1

91°s1
2L°s1
02°§1
20°§1
26701
19°§1
€Lost

9
5°91
91°91
6E°91
16°S1
15°91
w9

91°0~
80°0~
12°0-
{2°0-
€20
{2°0-
1270~

6170~
8z 0~
12°0~
01°0~
92°0~
62 0~

St~
6270~
1270~
£1°0~
11°0-
81°0~
¥2°0~

50°0~
£~
60°0-
0z°0~
0°0-
81°0-
0~

6€°0-
1v°0-
170~
SE°0-
§2°0- .
6£°0-
tr0o-

(>93/3))
n

s o 5 o &

:
~NOON
-

g

mNOMWBNDD MERA~NOOO
.
o 3

(g)
X /5uy

18°1 91°0 82°s1
LI 61°0 88°s1

80

60°2 02°0 on's
90°2 sto S1°s
[18¢4 £1°0 95°S
602 "o {0°s

81 20 5°11
68°1 1£°0 ®o
16°1 €E0 28°01
08t 1o 86°01
»6°1 15°0 61°01
68°1 09°0 ¥5°01

8L°1 150 92°t1

68°1  0%°0 16°91

SL°1 0€°0  09°S1

91 92°0  08°91
18°1 Le°0 (39741
¥l ££°0 £L°91

" By )

0°2
e
95 °1
091
§9°1
LI
29°t

0s°2
2
2

"2
82°2
| 15¢4
aLe
1972
09°2
"
6E°2
8e2

st 2
"w2

ooy samn sesuy

{panu3u03) -5 8q¥)

$2§30au}y PRINSEN

€141
e
{aneel
LA
82°{1
ot {1
1eet

o1°9t
LM
61°(1
29
96°91
15°§1

#5°21
0s°tl
| 1Al
£6°21
£t
el
ettt

9t°2t
§¥°21
22l
eLcet
22°£1
§s°at
68°21

96702
€8°61
€002
£1°61
89°02
89 °61
9L°02

(sa1)
se
x-lu

19°86

99°R6

26°86

0v°66

(3)
u/,

(190
L1
6Lt
Se°f
9t r
or°e
e

(1)

L't

(>9s8)

u-'h

NN O . NP N B~ N O~ Ll el U R X N

NN O~

“oN
(T3

L

1 24

€

22

1t

“on
uny

-87-




AR % - |

v

vl

o=

~—

-

v A L YT

~

P

sl 22°1- 0T AR 619 80T (T°1- 29 801, L1°0 §'IE £ 2070 297 661 iy 19°7T  86°) S
$8°1 ££°D 9c"{ 19°1 202 #L°1T 1€ 108 L | 020 9°61  €I'2 090  88°9 05°1 15°t1 6872 99t ’
69°1 80°0-  S2'8 2t 8°92 {5°1 or°0-  86°C 99°1 | 22°0 6'91 BRI  £LD  69°8 w1 | oosn §9°2  #8°f £ "
£8°1  $0°0- 66°S £ 61 671 20000 19°¢L 6¢°1 | 02°0- £°6 €2°2  6E0  S¥°9 1 158 Lt N z
¥9°1  1€°0- 069 oc1 §'22 29°1 220~ 2979 ¥2°0 ) #1°0 8712 91°Z 00 1Y L 28%8 9671 92y 1
98°0  09°0- 82t 052 102 €80 §§°0-  E¥°C 29°2 | 1970~ 811 680 92T 9p°C v9°2 | 1 682 2572 S
100 65°1 s0°11 381 £y 920 6971 29°01 671 { S0°0- 0SS ) S Vo T 99°1 £R°11 6672 vy v
21 eel- 6y 15°1 £°18 9T 2°T- 027§ $9°1 | 1€°0- 9°61  9/°T  15°0  ¥0°S 09°1 | s2€l 1672 252 £ 2t
¥l Nl 9%0°6 ¥6°1 $°61 $9°'1L  #2°1 w0l 12°2 | 100 9°61  #0°2 €870  S°11 60°2 | ore 0s°t 8l e ?
w1 65°8 et 292 #9°L o1 el 09°1 | vE°0 ’ v8°1 9E°0  9c°8 £t 6 §6°1 89"y 1
SIARN WODURY

£0°2 0£°0 80 €1 5L°1 9'sz  s8°1 620  2I°¢l  GL°1 | 9T0- 2! 81 9170 82°S1 w2 | 986 012 t
06"t 22°0 SE°E1 8('1 92 AT w0 sl 19°1 | 80°0- 1! $°1 61°0  BR°ST 212 | 276 19°2 9
96°1 02T ge°cl 81 8°%2 T 92D 29°21 89°1 | 60°0- UL 08°1 620  £b°S1 90°2 | vE%6 89°2 s
81 £270 . 15791 ¥6°1 672  69°1 820 69721  69°1 | 000 2°t 08°1  1£70  (9°S1 60°2 [ 026  s9°86 OR'Z ’ 14
6L°T 250 9L "1 26°1 §°s2  29°t  €£5°0  @9°zl 6871 | 1070- £°8 91 180 61791 91°2 [ o0z 872 €
€1 150 6% °p1 £6°1 §°22  09°1 640 1061 fe°1 | t000- v8 £ 0 921 06°) 96 2 2
¥9°1 99°0 1691 66°1 102 ¥5°t IS0 eEWl 2671 | £T°0- 6701  9.°T  9v°0 9971 96°1 66 10°¢ 1

(g-01%) (2) (g01x) | (395/33) (x) (got) | (sai) 3 3 (1) (>es) oy “on
“H P 1 v ™ B P 3 ¥ n *Pogswy % X ¥ tem  ses%w MR R o umy

-'u
»..o.!: AN UOLIDUNS WRIJYS Aoy IAem JRIU SILIPUBULY paJInSedN

(panui3uod) -5 djqer

LR AL )
11 G . 4 .
. - . i IRTWWUT . AR N T e e a4 % S . .

s . 0 e e e e e e . v o = o




w,_,

et et e B NIRRT TR TR RNIER T LYY ™y

Table 5-5 RMS errors for the 4-term MOJS equation
(MK = measured kinematics, LW = linear wave theory, SF = stream function wave theory

_RMS _ RMS
Fmax Fmax
Run Wave T MK LW SF Run Wave T M LW SF
No. No. (sec) No. No. (sec)
1 5.0 5.7 5.9 1 4.9 3.7 1.7
2 8.9 2.8 6.4 2 6.8 1.7 2.3
3 7.3 1.8 1.9 3 4.5 3.5 1.3
1 4 2.0 7.4 2.3 2.4 6 4 3.7 1.6 6.1 3.5
) 7.7 1.6 1.7 5 1.9 7.1 4.9
6 7.1 1.9 2.1 6 1.1 7.0 4.5
7 7.5 1.9 1.9 7 1.5 6.2 3.8
1 8.1 1.7 1.8 1 3.5 10.4 4.5
2 8.2 1.1 1.1 2 3.5 11,2 4.4
3 9.1 0.5 0.5 3 5.3 13.4 1.8
2 4 2.0 7.8 2.2 2.2 7 4 3.7 6.1 14.3 8.8
5 8.9 0.4 0.4 5 6.1 12,9 8.4
6 8.3 0.8 0.8 6 7.9 14,0 9.9
7 8.3 0.5 0.5 7 7.2 14,0 9.3
1 4.3 2.5 2.5 1 11,0 28.3 18.4
2 4.5 1.3 1.2 2 23,4 26,3 16.7
3 4.8 1.1 1.3 3 20,0 23,2 14,4
3 4 2.5 5.2 1.8 1.6 28(8) 4 3.7 30,1 21.9 9.4
5 4.8 1.3 1.3 5 10,2 22,1 10,0
6 5.4 1.1 1.0 6 24,1 23.9 14,0
7 5.6 1.1 0.9 7 31,9 22.6 12.7
1 1.6 2.5 1.8 1 12,1 6.1 4,2
2 1.2 2.0 1.5 2 9.8 6.0 6.1
3 2.0 2.1 2.6 3 6.6 5.3 6.2
4 4 2.5 1.7 2.1 2.3 9 4 4.6 7.3 5.0 6.3
5 1.0 1.8 1.3 5 6.8 3.6 6.7
6 1.1 1.9 1.5 6 9,7 4.9 5.9
7 1.5 2.1 1.8 7 8.8 6.4 1.6
1 5.6 5.3 4.0 1 2.8 3,5 8.3
2 6.3 5.9 5.5 2 3.1 3.7 7.3
3 7.2 6.9 6.5 3 4,1 4.8 6.7
5 4 2.5 7.7 8.2 5.8 10 4 4,6 4,7 6.8 9,7
5 8.3 7.7 6.3 5 4,9 6.9 7.8
6 7.5 7.5 6.1 6 7.2 8.4 11.8
7 7.3 7.4 6.1 7 6.6 6.8 10.6
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Run
No.

29(11)

12

13

14

Wave
No.

\IOU\&wN'—‘\IQ\U’lbwl’\)v—‘NOU\&MNNNG\U‘&QND—‘NG\U‘!&MNO—'

N s
h .

(sec)

4.6

4.6

5.3

5.3

5.3

15.1
10.0
41.6
11.5
57.7
49.8
53.5
14.7
55.5
49.5
38.3
52.6
58.0
50.3
6.4
6.7
4.1
7.1
5.1
7.6
9.3
6.1
5.6
6.2
5.5
4,6
6.9
7.4
9.4
7.6
7.2
5.4
17.0
7.6
8.4

LW

37.1
31.0
24.7
30.3
34.8
37.5
37.9
23.4
20.4
21.3
21.0
27.9
24,0
14.8

9.9

8.4

6.9
11.0

8.9
13.6
10.1
12.2
11.3
12,4
12.2
14.0
10.7
15.4
22.6
22.0
23.5
24.7
22.6
26.2
25.9

Tabie 5-5 (continued)

RMS

SF

40.1
35.1
35.5
38.3
42.1
37.9
43,4
41.9
35.4
28.3
17.6
44.7
31.4
17.9
5.4
5.1
3.0
5.7
4.4
10.5
7.9
5.0
3.8
6.4
6.5
1.6
5.8
9.3
14.4
15.4
21.3
20.5
21,7
21,2
23.7

PRIV R A e

Run
No.

16

17

30(18)

31(19)

20

Wave
No.

NOU‘&UN’-‘Nmm&uN#NOU‘&UNP‘NO\mbWNP‘NO\U’IANN'—‘

CR AR fe iy

(sec)

5.3

5.3

6.0

6.0

6.0

26.8
5.8
6.0
8.3

33.7

33.8

30.0

29.7

26.1

35.0

22,0

38,3

25.9

25,9

28.9
5.8
5.4

21.0
6.5
9.3
9.7

50.5

38,2

48.6

43.7

41,0
6.5
8.8

18,2

23.9

25.6

19.4

19.8

28,5

22.6

Chhn it e arsncuie

max
LW

26.0
29.1
31.7
33.3
31.7
31.3
32.1
26.0
30.7
30.6
32.9
33.3
29.8
33.4
19.0
21.1
16.3
14.1
13.4
17.7
21.7
25.0
27.1
29.1
26.7
27.3
30.9
20.6
27.1
34.6
31.1
31.9
36.9
36.1
35.3

'-...q .l. -I.

SF

20.4
26.2
29.1
28.7
25.4
23.4
28.3
16.9
22.5
26.8
22.6
21.3
18.7
3.3
14.9
8.5
8.5
6.7
6.5
8.1
9.5
31.4
32,9
9.5
8.9
6.9
8.0
8.2
2.7
37.1
33.4
27.5
37.5
38.6
11.4

" % e
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Table 5-5 (continued)

RMS__
Fmax
Run Wave T MK LW SF
No. No. (sec)
1 27.3 21,2 25.9
2 8.7 22,5 29,0
3 26.8 24,0  28.6
21 4 4.2 26,0 22,4  28.9
5 28.3  23.1  30.6
6 27.4  21.6  130.2
7 27,0 23.0  29.4
1 16.9 26,5 18,2
2 17.7 24,8  16.4
3 15.7  29.7  20.1
22 4 5.3 16.1 30,7  3L.5
5 12.6 3.8 17.9
6 18.2  33.1 18.9
7 .4 31.6  16.0
1 6.9  23.8  37.4
2 a7.4  15.1 19.4
3 39.3  22.2  16.8
23 4 4.6 1.5 12,3 11,7
5 a7.2 223 323
6 40.2 20,3  30.4
7 8.4 18,2 17.1
1 27.2  23.0  16.6
2 41.7 20.7 8.8
3 28.0  19.8 9.1
24 4 3.7 12.5 25,5  21.5
5 3.6 28,0  16.3
6 28.4 234  16.3
7
1 4.8 6.8 5.7
2 4.9 7.0 4.8
3 5.2 7.6 5.8
25 s 2.5 5.2 7.4 5.8
5 4.8 7.4 5.9
6 5.6 8.3 6.0
. 7 5.7 7.4 6.6
§ 1 21,1 25,9  23.1
- 2 2709 32,1 32.3
3 3 21,5 35.3  36.5
; 26 4 6.0 21.4  33.4  32.9
2 5 21,9 34.4 14,7
6 1.2 32,2 36.3
7 21,3 37.1 10.8
.
|
!
g e )

4

o, e
AN IAOA AIASAS




10.0 FIGURES

S0 e T ol o Made Sl S SaL S 9 S Sl R Al R A A A ISR MR gt M A B S A i s O pa S e o arak ol




. . v ; R “\J
v“.A
- awni4 aney nso L-£ "Bt o
g (3Leas o} 10u) .
b, NOILYAITT TWNOILI3S xu
ﬁ.. it o R ittt o et i IR = - > ..,_
g ) 08 ! Ll | 97821 i v 8L " X
4 _ ! “ tw ! L %
9 " , ! L S O _ 3
. _ ! [ 5

! ! A
-.‘ ! A
2 | yoeaq qefs 93}342U0D -

7 ' apqeaouw . -
4 | ' "cu =
w. w.-i_ 1 == |,
.
r—- 3 !
3 bw 42puL[AD 3531 BUL 43U w '
g f _Mh._ )
-4A X - ! !
5 { <
w.. P T P e o | Q-J
. 9€L
2
- NY1d
3 = y
- v 3
I__
N<—D-<=
“4
A

TS

SN

A
.a% )
..Q-J

3
b
v
v

»

b

.

-

AADAOLNEN:. YDA




Eﬂ"crrf””"“ﬁsn“wwwp.ﬁ

12 steel tube 39.7 pIf
I r(-mm) arill to -uen strafn
7075 - TG alom. bar bolts

e
. top and dottom ¢
gages equal | top and bottom
l, . . j-j/oillu oqual
W Lo
4 “ Ml !
24 - b
T— JA' 2 3.8
beering ~lje ' \ ”
rim I. ! : ¢ stainless rod
(I : ( -im‘lu ;ﬂgtim
8- 18" holesin 7 4 |10 ,,:: S tsting)
'h;l 2 f’Onact ‘ Lh
W)
&or Jeads N w .2: . |.
b Az _ -
! Lt 1 gt
2 4 - ———
besring ! \ -
I' - !
\ (]
'| "
nole for |' it
leads \
e gidg ] 'l
Direction of o ' !
g b 1 . .
waves ) A 3.7
(4 t
f ¢
» [\
AN
P P
For local force transducers, — (]
pressure transducars and wE o ooaw —r ¢
portal gece, see details 12} ey
anooae
b oowe _L 7 "
] "“r 16
i
[
7T
L]
Smooth alusimm cover ¥ J
skins, 12" pipe, 3/8" 1 )
wal) thickness. Split |
Lo:igﬂm;l;. ':m ] .l
e * flanqes. h
L'" ::
' , 1.8
. ' 2° flanges :
l‘ 1 /(tnlal)
—
|| ! 1 .
" |'l
" b segi/ae watt
| / (reeel ey tioe
| | stee 1
]
|I W‘h; '
: ¢ h
¢ |I
’/d"d strain bar V¢ "
alumtmm tamper 7075 T6 h p Smal et U-doin
—_
boit bottom plate to floor
of flume (existing plate) “_‘M fange
e ¢ . c.g~ v. < »l’e. c-'v. ; -9 o Q.-‘ l -
¢+ q .0 q~°,_"o“ -2 N SR
ELEVATION - - - . ' . ’
- Fig. 3-2 Sectional elevation of test cylinder
"""" SN D ]



a, %
Lo

»

Ae et 5 5, ]

s e

RN S RN

. 4
A2 7 R R ARSI

Bn, by 0, 8

('

>

R A R A

AR IS
Bttt

-
ot T e * Pa e P s Y

b g, P AR S A B A s “Iati e M, "0 0 tar-5 e m I S I i o 4 e A Al et S M e e et I R A BECRCR A Rt it g

Fig. 3-3 Cylinder core during installation.

Fig. 3-4 Cylinder core in
vertical position with 1/2
of lower skin in place.
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Fig. 3-5 Bottom (and top)
support strain gaging.

Fig. 3-6 Bottom support
bolting to WRL floor.

Fig. 3-7 Skin installation
at bottom support.
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Fig 3-10 Local force transducer strain bar support. Pressure ports
shown prior to filling and sanding the immediate area
around thenm.
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Fig. 3-11 Interior of the LFT with 8 pressure transducers and 4-1"
round bars which provide structural continuity for the
core structure.
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Fig. 3-12 Perfect alignment demonstrated at one azimuth position
of the LFT, bottom joint.

Fig. 3-13 The worst alignment for the LFT at the top joint. Offset
=~ 1.1mm, although it looks larger because of the sun
reflection.
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Fig. 3-17 Nearly completed
installation with one of the
four skins attached.

Fig. 3-18 Three of the four
skins bolted on. Final painting
and smoothening around the
pressure parts in progress.
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Fig. 3-19 Final arrangement just prior to testing.
Water level is at the test level.
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Fig. 3-23 Calibrating at position 5
with the bottom support submerged.
Also shown is the horizontal truss
used for calibrating at position 3.
The completely assembled vertical
cylinder is on the left.
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Wave Profiler

SALEM, NH. USA.
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Fig. 4-2 Current measurement and recording diagram
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WAVE RESEARCH FACILITY

generate 9 track magnetic tape

CDC CYBER 73

PROGRAM WAVES

Converts integer values (0-4095) into physical units i
Removes "bad points" from data

FFT data with fundamental period = 8T

FFT filter data with 1.5 Hz low-pass digital filter

Computes horizontal water particle acceleration
spectrum using only: two harmonics

’ !

A -
A s W N —

o PROGRAMS FDATAS/FD5A

;i 1. Selects 7 discrete waves from 8 recorded wave sequence
" (FDSA = automatic selection)

'_ (FDATAS = manual selection using TEK cross-hair cursors)
g; 2. Reduces data from 256 values/wave to 33 values/wave

EZ 3. Produces a file of 7 individual waves per run

; ]

ZQ PROGRAM LABT4

Ej 1. Computes average velocity from measured horizontal

- water particle kinematics

y 2. Computes C, & C_ by linear regressionusing 2-term MOJS
5 and 1) meaguredT 2) linear wave theory + average velocity;
ﬁ and 3) stream function theory + average velocity.

ﬁ 3. Computes errors between measured and predicted in-line
e local forces using 2- & 4-term MOJS with 3.-sets of force
i coefficients and 3 sets of wave kinematics
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Fig. 4-11 Sample transverse force amplitude spectrum from the Jocal

force transducer for Run #30
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APPENDIX 11.1
DRUCK PRESSURE TRANSDUCER SPECIFICATIONS




-

‘ Druck Limited
) 8 Fir Tree Lane Groby

:. Leicestershire LES OFH England -

o Telephone Leicester (0533) 878551 '

» Telex 341743

\\

'

N

N
.
‘_ Thousands of Druck pressure transducers are being- The construction of the transducer is completed using
&3 used throughout the world in applications where high microcircuit, alloying and bonding techniques, and

:;- accuracy and reliability are of importance, and the electron beam weiding. The ancillary electronic

. PDCR 10 series has been designed more specificaily package to give good temperature compensation,
for the industrial user foliowing years of operation of rationalisaticn or amplification, is encapsulated. The
the PDCR 22 and PDCR 32 transducers in mainly complete transducer, having effectively no moving
.. aerospace environments requiring maximum per- parts and being both mechanicaily and electronicaily

- formance with regard to weight, reliability and extremely rugged, is therefore ideally suited t0

. accuracy. The POCR 10 is an extremely rugged industrial environments of extreme vibration, shock

- transducer and operational ratings such as shock, or other external effects. .
Vw':’t::::'::::;;:::::;r extremely high as is usual Many pressure fittings are available as standard and the
s ’ transducer case is of stainless steel and titanium. A

i Pressure ranges extend from 1 to 5000 psi, gauge, polychioroprene cabie is seaied into the body with a

" sealed gauge or differential. The standard output of heat shrink boot. The integrity of the cable outiet seals
e 100mV with 10 Volts excitation is available on most is such that the entire transducer could be immersed

P pressure ranges whilst still retaining high linearityand  to depths of atleast 300 metres.

hysteresis accuracy (20-1% 8.5.L.) and high overioad  itterent versions are available which inciude bore hole
?: capability. . transducers suitable for continuous immersion in sait

} A silicon strain gauge bndge is diffused into a singie or high mineral water. and aiso transducers are avaiiable
5 crystal silicon diaphragm using micracircuit techniques  With a 2000 onm resistance bridge netwark which

" and so it is effectively atomically bonded, and this makes them suitable to operate with two wire ‘mA’

: feature, combined with the fact that there is no transmitter electronics.

o measurable hysterasis in such diaohragm material, Also current outputs can be sufficient to drive meters

' makes an excellent fundarp'ental sensing element. The and galvanometers of oscillograph recorders directly.
e gauge factors of th_e four silicon gauges are
approximately 50 times those of conventional wire
strain gauges 30 that the outout can be relatively high
i whilst still retaining a high overioad. a4
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-Q-437 0-77 1-5 Hexagonal of pressure

11 19-6 ] s connection is 0-69° A/F

or for metric 17 mm. A/F

Nom. 0-75 dia. . j g

19 ‘—T—

Standard pressure connections: Cable:

$° B.S.P. 60%intl. cone Nominaily 0-25 ins. dia.

4 B.5.P. 60 int 4 core P.C.P. sheathed
* B.S.P. 60" intl. cone

(O

% U.N.F. as MS.33656-4

Sdin.M14x 1-5mm Scale: actual size

Others available on request Dimensions: inches (metric mm. in blue)

The PDCR 10/D BORE HOLE TRANSDUCER has the same body dimensions as the POCR 10 above, except
that the hexagon and pressure fitting is replaced by a conical front end as illustrated in the photograph on the
previous page.

Electrical Connection

Red - ve supply, White —ve supply, Yellow + ve output, 8lue -ve output.
. avees et g

Ordering information

Please specify type number and pressure range and whether this is gauge, sealed gauge or differential. Also state

temperature range of operation and survival, and degree of temperature compensation required.

For pressure fittings refer to above installation drawing but where non-standard connections are raquired, refer
to supplier. The cabie length supplied.as standard is 1 metre, and longer lengths must be specified for which an
extra charge will be made. Transducers can be supplied with different supply voltages and differsnt outputs
from those specified and in ail cases, reference must be made to the supplier.

The manufacturer reserves the right to aiter specifications without notice. 6‘2 ol % ? 7-)’ 01
Prices also subject to change without notice.

Of«¢\< T'AC. ILL Bu““i (,‘744/
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{
Druck Limited Represented by:
3 Fi Tree Lane, Groby, Leicester LE6 OFH, epresented by SCANIVALVE, INC.
Englant p. O. BOX 20005
Telephone: Leicester (0533) 878551 SAN DIEGO, CALIF. 92120 USA.

Telex: 341743 | TEL: 714 283..00 10
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Transducer PDCR10/D

A version of the PDCR 10 has been specifically
designed for depth measurement in bore holes,

integrity has been buiit into the cable seal, and

Bore Hole and Depth Measurement

reservoirs, the sea and many other applications. It has
the electrical specifications outlined on the opposite
page, but a special front end has been designed
which makes it ideal for dropping down smail bore
pipes, and discourages the ingress of particles. Extra

combines encapsulation, Q ring seais and a heat shrink
boot. The pressure ranges are vented gauge for the
fower depths but sealed gauge versions are normaily
recommended for depths above about 150 feet.

High accuracy versions are available with a linearity
and hysteresis combined of less than +0-06% B.S.L.
and temperature compensation from —2°C to +30°C
of better than 0-01%/°C for both zero and span shifts.

Options

For many years we have specialised in producing
pressure transducers based on the use of an integrated
silicon strain gauge diaphragm and have solved many
different pressure measuring and recording problems.
Three such transducers are a differential version, an
ampilifier transducer and a flush mounting transducer,
and these are briefly mentioned beiow.

The PDCR 10L DIFFERENTIAL TRANSDUCER
(Technical note 4) has been developed to fulfil special
applications measuring low differential pressure at
different line pressures where high accuracy, small size
and fast response are important. These transducers have
electron beam weided pressure connectors at each end
and a side entry cable. The current modeis are suitable
for liquid on the positive side and dry, non-corrosive
gas on the negative side, and measurements so far
have been limited to 1000 psi static pressures, aithough
other types are being developed. The zero and
sensitivity change for increasing line pressure is often
negligible and the linearity and hysteresis in the
negative direction, as in the positive direction, is
extremely low.

Transducers containing INTEGRAL AMPLIFIERS are

- A6

P S "“""‘*"".“ TR L

et PG W R

also being manufactured (Technical note 5) and the
more standard ones require a power supply of +-12.0,
—12 Volts and give output voitages of up to 5 Voits,
with a low output impedance. Again, the general
performance in terms of accuracy and temperature, are
the same as outlined for the POCR 10, although wider
temperaturs ranges and higher accuracies are
available.

The FLUSH MOUNTING PRESSURE TRANSUDCER,
PDCR 50 (Technical note 6) has a 0-5 ins. diameter
front end and a flange which enables it to be mounted
into tanks and other containers such that the sensing
diaphragm is flush with the wall, and hence gives fast
response and accurate measurements without
disturbing the flow pattarn. These transducers are
already proving extremely useful in marine mode!
testing, general flow research and the process
industries.

These are just a few of the transducers that we have
manufactured over the years to fulfii specific
requirements, so therefore, if you have pressure
measuring or recording problems, it is suggested that
you contact us, since we may aiready have soived your
particular problem.

ALY
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Pressure Rang
+£1,2.5,5{% 50, 100, 150, 250, 500, 1000, 1500,

2500, 3500, 5000, Ibsf/in (p.s.i.).

S.1. units: 10'N/m2 (bars) 010 6.895 kN/m? through
t0 3.447 MN/m?3.

Intermedjate ranges are available on request.

Operational Mode
Gauge, sealed gauge or differential.

Overpressure

400% with negligible calibration change and higher
overioad capability is available especially in iower
ranges. For higher ratings please specify.

Pressure Media

Plus side, fluids compatible with quartz, titanium, and
silicon dioxide.

Input and Qutput impedance
Nominaily 1000 ohms.
For optional 2000 ohms refer to supplier.

Excitation

10 Volts d.c. reguiated. For a.c. excitation please specify.

QOutput

25mV for 1 psi
30mV for 2.5 psi
60mV for S psi
100mV for 10 psi and above

Load impedance for quoted performance should be
greater than 100 Kohms. For lower ioad impedances
please specify.

Resolution
Infinite.

Combined Non-linearity Hysteresis
+0.1%B.S.L.

Zero Offset
+3mV.

J_l

Sensitivity Setting

*+ 3mv.

More accurate settings of zero and span are available
for applications where interchangeability is important.
Please refer 10 supplier.

Operational Temperature Range

—20°C to +80°C standard but this temperature range
can be extended.

Temperature Effects
Any 100°C or 50°C temperature band to be specified.

Temperature error band of =0.5% over 50°C
or temperature error band of = 1.5% over 100°C.

Bettar ternperature compensation and/or a wider
temperature range is available on request. Please refer
to supplier.

Natural Frequency
Typical 5000 p Hz where p is full range pressure in psi.

Acceleration Sensitivity

0.002% FSO/g for 5 psi decreasing to 0.00015%
FS0/g for 1000 psi.

Shock

1000g for 1 ms. in each of three mutuaily perpendicular
axes will not affect calibration.

Weight
Approx. 140 gms.

Electrical Connection

Integral sealed cable assembly: standard length ' metre
and other lengths to order.

Mechanical outline and ordering information
See back page.




APPENDIX 11.2
PARAMETRIC DEPENDENCY OF FORCE COEFFICIENTS ON DEAN NUMBER
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Ocean Wave Data. Dean and Aagaard (1969) used measured

pressure forces from a prototype offshore o0il platform and a least-
squares regression analysis with theoretical nonlinear water
particle kinematics computed by the stream function theory to com-
pute Cy, Cn. They found that the drag coefficient varied with
Reynolds number and that the inertia coefficient was essentially a
constant. The Dean and Aagaard regression analysis illustrates the
parametric dependence of the coefficients and explains some of the
scatter observed by various investigators.

Dean and Aagaard (1969) computed Cp, C; from a least squares
fit to the measured forces by minimizing the following mean square

error:

N 2
nzl (Fpln) - F ) (n)} (1)

(4]
1}
2|

Minimizing this mean square error requires that

aez. aez
-a—c; =0 and -5'(::" =0 (2)

Equation 1 for the mean square error may be expanded into a general
equation for a quadratic surface of second-degree with an origin
which has been translated and rotated. The coefficients of the
independent variables include products of the wave field kinematics
and measured forces and determine whether or not the data are well
conditioned or il11 conditioned for determining true minima (Dean,

1976).
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Expanding the mean square error yields the following equation

for a quadratic error surface:

2 Cgp

C
e = (=) s + (¢, 2%992 w? + 2(—%5- (Cq 9%55 uluju>
C
2 (48 Fpufu - 2 (c, Y E 0> = 6D (3)

in which the temporal averaging operator <> is defined

by <> = % z] (¢),- This equation is the general equation for an
n=

ellipse whose origin has been translated and rotated. For data
which are simple harmonic oscillations, the coordinates of the

origin (xo, Yo) are given by

<F ujul>
16 m
x, = (37) —1— (4a)
o " (% s
m
2 T .2
Yo = () ()P0 < i (ab)
fo} 4 m

To determine the suitability of the data to resolve the regres-
sion coefficients, Cq> Cm, changes in the minimum values of these
coefficients for a given mean square error are minimized.

ror Cm = constant, it may be shown that this minimization of
the changes in the minimum values gives

[e5 - (c5) min3!/?

/7
§C, == (5a)
d "5 [ 17?

and for Cd = constant:
1
[e? - (e?) minj /2
6(: =__£._-L_. 1 1 - (SD)
Y2 [<u>]




The ratio of the axes of the error ellipse (eccentricity) is given

by
6C 4
2 <u >;1/2
E =gt = 55 (S (6)
-Gt—d- 1|'D [<a >] .
For simple harmonic oscillations, this reduces to
. 2 1/2 Um
;; E =25 [3/41/° 1 (7a)
' C_(F,)max
‘ - (37412 B s (7b)
§ Cq TFyImax
S The error surface for simple harmonic oscillations in dimensionless
form is
e,lg - (e?)min 3 (GCd (FI (GCm)Z
= 3/8 (=) + 1/2 (&= - (8)
(FD)zﬁax Gcm) FD)mdx 6Cd

Dean (1976) gives the following criteria for estimating the suit-

- ability of the data for determining C,, Cm:

£ Relatively Well-Conditioned to Determine
0.25 Cm
0.25 - 4.0
4.0 Cq 2nd Cp
cd

From Eq. 7a, it is obvious that the Dean number, E, is proportional
to the Keulegan-Carpenter number, K. The constant of proportion-

ality for simple harmonic flows is

2
E/K=’/TZ§=>K=-E”"—~Ex11.4 (9)
" i
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APPENDIX 11.3

FDATAR

Choose starting peak of desired wave.
DT = .06 sec

NP = # of points in original wave profile including both end points
at spacing of DT

PERIOD = (NP-1)*DT period of desired wave
Pl

_1
/

7

~
~

e :
,

NFT = # of points to FFI including desired wave in center

LAG LAG + NP NFT = 128

QUTPUT wave must have NN = 33 points
Spacing of output wave (delta-t) = [T = PERIOD/(NN-1)
N = # of spaces in total FFT window at delta-t = TT

FFT the data and filter at 2 Hz since original data were already
filtered at 1.5 Kz

Starting at time = LAG*DT compute NN points using the coefficients

NFLTR-1
WAVE(L) = XR(I) + 2.* XZ XR(m)*cos(2n*(m-1) *T/ (N*TT))
m:

- XI(m)*sin(2n*(m=-1)*T/(N*TT)

where T = (LAG*DT) + TT*(I-1).
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Rockland Filter

The Rockland filter is a two-pole Butterworth filter. The

filter function is given by

£ i
9 (4.1-14)

Ha(f) = 2 .
R (11)2428, 1, 10+60  (1£) 42,1 if+fy

where f, is the cutoff frequency, f is the signal frequency in Hz,
By = 0.924, and gy = 0.700 for the flat decay response. Introducing

a dimensionless frequency ratio, € = f/fo, reduces £q. 4-14 to

1 1

Ha(e) = — . 3 (4.1-15a)
(1-¢“)#1 1.888  (l-c“)+i l.de
(1-4.5872 e2+e*) = 1 3.248 ¢(1-¢?)
Hple) = = 77 (4.1-15b)
(1-4.5872 ¢“+¢ ') + 10.55 ¢“(1-2¢"+¢ )
The amplitude division factor, |Hp|, is
M| = La+1.15 Poe1-.00 Pecty 7 /2 (4.1-16a)

and the phase angle, 8p, is

2
op = TAN'! (- 3:248e(loe )y (4.1-16b)
(1-4.5872 ¢ +¢ )
Table 4-3 summarizes the amplitude attenuation and the phase shift

introduced by the Rockland filters in the NCEL data.

Digital Formatting

Exactly ten periods of data were recorded for each of the 21
channels of data measured during the periodic wave tests. These

data were reduced to exactly efight waves and were digitized at a

-27-
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sampling interval determined by the deterministic wave period, T,
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and the FFT base 211 = 2048 according to
At = 87/2048 = T/256 (4.1-17)

Each single periodic wave in the eight-wave sequence thus contained
256 data values. This data digitization scheme was required in
order to insure that the data could be FFT filtered as previously
described using an FFT algorithm of base 2. The FFT algorithm was

o

taken from Bloomfield (1976). Only seven of the eight waves were

P

e
N,

actually used in the final data analyses.
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The sonic profiler used to record the instantaneous water ele-

vation occasionally suffers from data “drop-outs" or “over-

ranges.” These data are identified as "bad-points" and are removed

numerically by 1linearly interpolating between . the good data'

values. On rare occasions, these intervals of bad-points are ex- }
cessively long and result in forming a fictitious wave (see Wave #4

in Run #5 in Fig. 4-5). These data have been ignored in the data |
analyses because there were only two "bad point"™ waves in the total ‘
of 182 waves recorded. These 256 data points per wave were reduced
to 33 data values (32 time increments) for each individual periodic
wave in the final data analyses for the force coefficients. The
total number of discrete data values digitized for the eight waves
in the 41 perifodic runs that are identified in Table 3-13 was

-28-
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